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THE EFFECT OF VARIOUS DOSAGE LEVELS OF CRYSTALLINE 
LINDANE ON THE CONCENTRATION OF 
LINDANE IN COW’S MILK’ 


RAY E. ELY anp L. A. MOORE 
Bureau of Dairy Industry 


AND 


H. D. MANN anp R. H. CARTER 
Bureau of Entomology and Plant Quarantine, Agricultural Research Administration, U. 8S. D. A. 


The rapid increase in the use of lindane (gamma isomer of benzene hexa- 
chloride) has made it desirable to investigate the possibility of lindane residues 
contaminating human food. There is a paucity of information on the conzen- 
tration of lindane appearing in the milk following oral ingestion of lindane by 
dairy cattle, yet lindane has been quite widely used on forage crops for animal 
feeding. 

The object of this study was to determine the approximate oral intake of 
lindane that would give detectable amounts in the milk, to study the effect of 
increasing daily dosages of lindane on excretion of lindane in the milk and to 
observe any physiological effects of lindane ingestion on the milking dairy cow. 


EXPERIMENTAL METHODS 


Nine normal, milking dairy cows were used in this study. Five were fed a 
regular milking herd ration of alfalfa hay, corn silage and a mixed grain ration 
according to milk production ; four were fed a similar ration without corn silage. 
Lindane was fed as a measured amount of a 10 per cent solution in soybean oil 
given twice daily in gelatin capsules. Five animals were fed two dosage levels 
of lindane, four animals received only one dosage level. The initial or lower 
dosage was given for 70 days and then followed by a 110-day feeding period at 
an inereased daily dosage for each animal. Composite milk samples were col- 
lected for 2 days out of each 10-day period for lindane (2, 4, 6, 7) and butterfat 
analysis. 

RESULTS AND DISCUSSION 


The average daily lindane intake, length of feeding period, total daily excre- 
tion of lindane in the milk and concentration of lindane in 4 per cent fat-cor- 
Received for publication Mar. 22, 1952. 


1 This work was done with funds made available by the Agricultural Research and Market- 
ing Act of 1946. 
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rected milk (4 per cent F.C.M.) for each level of lindane dosage are presented 
in table 1. 

The dosage levels fed ranged from 25 to 2,000 mg. daily, which is equivalent 
to from 0.07 to 6.22 mg. per kilogram of body weight daily. When daily dosages 
up to 0.36 mg. per kilogram of body weight were given to milking cows, very 
little could be detected in the milk by chemical methods. When increasing 
dosage levels above 0.36 mg. per kilogram of body weight were given, progressive 
increases in the concentration of lindane in the milk were secured. Comparison 
of the concentrations of lindane in the milk with the concentration of DDT in 
milk (3) indicates that approximately the same amounts are excreted in the milk 
when comparable intakes are given. This is clearly evident from a comparison 
of the regression lines presented in figure 1, which gives the concentrations of 
lindane and DDT in the milk when various dosage levels of these two insecticides 


TABLE 1 
The excretion of lindane in cows’ milk at different levels of lindane ingestion 
P Feeding Av. ‘ 
Cow Daily dosage iod daily Lindane in 4% F.C.M. 
excretion 
(mg.) (d.) (mg.) (Av. ppm. (Range) 

N-635 25 0.07 2.3 70 0.93 0.07 (0 — 0.5) 
N-640 50 0.15 4.9 70 1.36 0.11 (0 — 0.2) 
N-631 ~- 75 0.19 7.0 70 0.20 0.03 (0 — 0.2) 
N-640 100 0.31 11.3 110 0.94 0.14 (0 — 0.4) 
N-635 125 0.36 12.8 110 0.66 0.06 (0 — 0.2) 
N-631 150 0.36 18.1 110 1.75 0.38 (0.1— 0.6) 
N-635 250 0.67 23.1 70 3.14 0.39 (0.3- 0.6) 
N-633 500 1.25 52.7 110 4.44 1.32 (1.0- 1.6) 
N-160 750 1.63 57.0 50 12.30 1.37 (1.0— 2.0) 
N-639 1,000 2.95 95.6 70 28.72 2.69 (1.9— 3.3) 
N-331 1,250 2.63 94.1 50 24.46 3.02 (2.4— 4.2) 
N-333 1,500 3.94 161.5 40 8.32 3.92 (3.4— 4.4) 
N-635 2,000 5.48 216.5 50 46.58 7.14 (5.4-10.6) 
N-639 2,000 6.22 242.7 110 88.10 10.16 (5.7-12.1) 


are fed as crystalline material dissolved in soybean oil. The regression for 
lindane is given by the equation Y = 1.44X — 0.49, while the regression for DDT 
is given by the equation Y = 1.27X + 0.59, where Y gives the response in ppm. of 
insecticide in 4 per cent F.C.M. and X is the insecticide dosage in milligrams per 
kilogram of body weight. The points in figure 1 are the experimental values 
secured in the present experiment for various dosage levels of lindane adminis- 
tered to milking dairy cows, while the regression line for DDT is reproduced 
from previously reported data (3). From a practical viewpoint, lower insecticide 
residues would be expected from forage that was field-sprayed with recommended 
amounts of lindane, since most recommendations are for considerably lower 
quantities of lindane per acre than are the recommendations for DDT. 

The concentrations of lindane in milk after discontinuing lindane dosage 
were studied in three animals receiving 750, 1,250 and 2,000 mg. of lindane daily. 
The average daily milk production, lindane concentration in the milk and lindane 
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excreted daily for each of these cows during the period of lindane administration 
and for each 10-day period after dosage was discontinued are presented in 
table 2. Ten days after discontinuing the lindane dosage the concentration of lin- 
dane in the milk was approximately one-half of the concentrations obtained dur- 
ing the feeding period. Animal N-639 had received 2,000 mg. of lindane daily 
and the concentrations of lindane in the milk continued to decrease by approxi- 
mately 50 per cent during each 10-day period for 30 days after discontinuing 
the dosage. The concentrations of lindane in the milk of animal N-639 more 
than 40 days after discontinuing dosage are of questionable significance. Two 
additional animals receiving lower intake levels (100 and 125 mg. daily) did not 
have detectable amounts in the milk 10 days after the dosage was stopped; how- 
ever, very low concentrations were present in the milk while these dosage levels 
were being administered. 


IN 4% F°G.M. (P.P.M.) 


INSECTICIDE 


2 3 4 5 6 
INSECTICIDE INTAKE (M6./K6) 


Fie. 1. Concentrations of lindane and DDT in milk of cows fed various dosage levels of 
these insecticides. 


Barlow (1) reported that benzene hexachloride persists in the blood of cattle 
for over 14 days after feeding a single dosage of 0.25 g. per kilogram of body 
weight and for over 29 days when four daily dosages of 0.25 g. per kilogram of 
body weight were given. 

Frequent taste tests of the milk from each of the cows listed in table 1 were 
made for the detection of undesirable or unnatural flavors by two or more quali- 
fied dairy products judges.? At the lower dosage levels (25 to 125 mg. daily), 
a more or less characteristic flavor was frequently detected in the unidentified 
samples when examined by the judges. In addition, a rating of the degree of 
undesirable flavor placed on the samples compared closely with the lindane intake 


2 Fiavor tests were conducted by R. W. Bell and associates, Bureau of Dairy Industry, 
Washington, D. C. 
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of the animals. Some samples described as being definitely off-flavored or of 
undesirable flavor contained less lindane than could be detected by chemical 
analysis. The most frequently stated descriptions given by the judges for the 
undesirable flavor of the milk were ‘‘stale,’’ ‘‘bitter,’’ ‘‘musty,’’ ‘‘cowy’’ or 
simply ‘‘off-flavor.’’ At the higher dosage levels (150 to 2,000 mg. daily) the 
intensity of the undesirable flavor was more pronounced. It is recognized that 
many other factors contribute to off-flavors in milk and, of course, may influence 
some of the results discussed here. Furman and Hoskins (5) reported a definite 
odor in cream containing 4 or more ppm. of the gamma isomer of benzene hexa- 
chloride. 


TABLE 2 
Excretion of lindane in the milk after discontinuing lindane dosage 


Av. Lindane Daily 


Animal Date = daily in lindane 
4% 4% F.C.M. exeretion 
(mg.) (1b.) (ppm.) (mg.) 
N-639 2-13-50 to 
5-24-50 2,000 20.2 10.2 88.1 
6-3-50 0 16.3 4.5 33.1 
6-13-50 0 15.9 1.9 13.8 
6-23-50 0 15.1 Li 7.9 
7-3-50 0 13.5 0.2 1.4 
7-13-50 0 13.0 0.4 2.1 
7-23-50 0 13.3 0.0 0.0 
N-160 5-6-51 to 
6-29-51 750 19.6 1.4 12.3 
7-8-51 0 18.7 0.7 5.8 
7-18-51 0 17.3 0.3 2.4 
7-28-51 0 15.3 0.3 2.0 
8-7-5 1 0 14.9 0.3 1.7 
8-17-51 0 14.1 0.3 1.9 
8-27-51 0 15.4 0.2 1.1 
9-6-51 0 15.3 0.1 0.5 
9-16-51 0 14.5 0.1 0.5 
N-331 5-6-51 to 
6-29-51 1,250 17.9 3.0 24.5 
7-8-51 0 17.5 1.7 13.6 
7-18-51 0 16.8 0.5 3.4 
7-28-51 0 16.3 0.8 5.6 
8-7-51 0 16.0 1.1 7.8 
0 15.2 0.6 3.8 


8-17-51 


None of the animals in this investigation showed symptoms of any physio- 
logical effect from any of the dosage levels fed. 


SUMMARY 


Nine milking dairy animals were fed various dosage levels of crystalline lin- 
dane as a 10 per cent solution in soybean oil. The dosage levels ranged from 
25 to 2,000 mg. daily, which is equivalent to from 0.07 to 6.22 mg. per kilogram 
of body weight daily. 

When daily dosages of less than 0.36 mg. per kilogram of body weight were 
given to milking cows, very little could be detected in the milk by chemical 
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methods. When increasing dosage levels above 0.36 mg. per kilogram of body 
weight were given, progressive increases in the concentration of lindane in the 
milk were secured. 

Comparison of the concentrations of lindane in the milk with the concentra- 
tions of DDT in the milk of other cows indicates that approximately the same 
amounts are excreted in the milk when comparable intakes are given. 

The concentration of lindane in the milk dropped rapidly when the dosage 
was discontinued, but detectable amounts were still excreted for approximately 
30 days in the milk of one animal that previously had received 2 g. of lindane 
daily. None of the animals showed symptoms of any physiological effect from 
any of the dosage levels fed. 
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THE INFLUENCE OF THE TYPE OF DILUENT ON THE GROWTH AND 
SURVIVAL OF PSEUDOMONAS PUTREFACIENS*? 


R. O. WAGENAARS anv J. J. JEZESKI 


Division of Dairy Husbandry, University of Minnesota, St. Paul 


The bacteriology of ‘‘surface taint’’ butter has been reviewed by Wagenaar 
(5). The data in the literature indicated that Pseudomonas putrefaciens was 
the organism involved in outbreaks of typical ‘‘surface taint’’ or ‘‘putrid’’ butter. 

In preliminary studies, several samples of commercial butter which exhibited 
a defect described by a federal butter grader as ‘‘putrid’’ were examined. At- 
tempts to isolate Ps. putrefaciens from these samples, using techniques advo- 
eated by previous workers (2), were unsuccessful. This failure might have been 
due to any of the following causes: (a) The organisms causing the ‘‘putrid’’ 
flavor and odor were not Ps. putrefaciens; (b) the isolation techniques employed 
were not recovering types and numbers representative of the organisms present 
in these samples; or (c) the number of viable organisms in the samples tested 
were very low. In order to determine which of these reasons was the cause of 
the failure to obtain Ps. putrefaciens from ‘‘putrid’’ butter, experimental butter 
was prepared by adding pure cultures of Ps. putrefaciens to commercially 
churned salted butter. The small numbers of Ps. putrefaciens recovered from 
these butter samples indicated that the techniques being used were inadequate. 
Examination of some of the data from these studies revealed that the distilled 
water used to make the dilutions of the samples was highly toxic to Ps. putre- 
faciens. 

A gelatin-sodium phosphate buffer solution (3), which originally was used 
as a suspending medium from which to lyophilize bacterial cultures that showed 
very low viability when lyophilized from a water suspension, proved to be a 
highly satisfactory diluent in which to make dilutions of Ps. putrefaciens. 

The studies reported herein were designed to compare critically the effects of 
various diluents on the growth and survival of Ps. putrefaciens. Also, an at- 
tempt was made to elucidate more fully the specific influence of each of the com- 
ponents in the gelatin-phosphate buffer solution on the test organism. 


EXPERIMENTAL MATERIALS AND METHODS 


The gelatin-sodium phosphate buffer solution which was used as the control 
diluent in all experiments was prepared as directed by Naylor and Smith (3). 
This diluent was composed of 0.2 per cent Difco gelatin, 0.725 per cent NaH,PO, - 
H.O, 0.37 per cent Na,HPO, and 98.8 per cent distilled water. 


Reeeived for publication March 22, 1952. 

1 Scientific Journal Series, Paper 2808, Minnesota Agricultural Experiment Station. 

2 The data in this paper are taken from a thesis presented by R. O. Wagenaar in partial 
fulfillment of the requirements for the degree of Doetor of Philosophy, University of Minnesota. 

3 Present address: Food Research Institute, University of Chieago, Chicago, III. 
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A easitone-malic acid broth containing all the ingredients of the plating 
medium proposed by Reinbold (4), with the exception of the agar, was used to 
wash the growth from the agar slants during the preparation of the suspensions 
of the test cultures. 

The Ps. putrefaciens cultures used in these experiments were lowa #6 (lo-6), 
whose original source was unknown’; Illinois #1 (Il-1), isolated from creek 
water in I}linois® ; and Hammer #184 (Hm-184), which is the same as American 
Type Culture Collection #8073°. The stock cultures were grown on slants of 
Long and Hammer’s agar, and were transferred at 10-day intervals. They 
were incubated at 10° C. and stored at 0° C. 

Commercially manufactured low-temperature, preheat-treated nonfat dry 
milk solids were used to prepare the reconstituted skimmilk. Ten g. of the milk 
solids were added to 100 ml. of distilled water, and reconstituted by mixing in a 
Waring Blendor for 3 min. 

The sweet cream buttermilk was obtained from the Dairy Division creamery. 
The neutralized cream buttermilk was obtained from a commercial dairy plant. 
Sodium hydroxide had been used as the neutralizing agent for the sour cream 
which yielded this buttermilk.. The neutralized cream buttermilk was auto- 
claved at 15 lb. pressure for 15 min. The sweet cream buttermilk and reconsti- 
tuted skimmilk were autoclaved at 15 lb. pressure for 20 min. All other diluents 
and all of the plating media were autocalved at 15 lb. pressure for 25 min. 

In the first experiment, which involved a comparison of the three cultures of 
Ps. putrefaciens, the test cultures were prepared by inoculating a series of six 
Long and Hammer’s agar slants with each of the test organisms. These slants 
then were incubated at 10° C. Each of these cultures was examined after 2, 7, 
14 and 21 days. At the end of each experimental interval, the slant from each 
culture showing the most abundant growth was selected. In all of the subse- 
quent diluent studies, three agar slants were inoculated with the test organism. 
The slant showing the most abundant growth after incubation at 10° C. for 48 hr. 
was used. 

Inoculum for a series of plates was prepared by washing all the growth from 
the selected agar slant, using a sterile inoculating loop and the casitone-malic 
acid broth. Three portions of this broth totaling 2.5 ml. were used and the 
washings transferred aseptically to a sterile dry test tube. The broth and culture 
mixture then was stirred vigorously for 8 min. with the inoculating loop. One 
ml. of this suspension was used for subsequent dilutions. 

In the first experiment, a series of plates was inoculated from each diluent 
immediately (less than 0.25 hr.) and 2 hr. after the initial introduction of the 
test culture into the respective diluents. In the subsequent experiments, inocu- 
lations into plates were made immediately (less than 0.25 hr.) and at 0.5, 1, 1.5, 
2, 3 and 4 hr. after the initial introduction of the test culture. In the series 
plated after each exposure period, two plates were inoculated with 0.1-ml. quan- 
tities of each of four dilutions. One of these plates had been poured previously 


4 Obtained from the Dairy Industry Department, Iowa State College, Ames. 
5 Obtained from the Department of Dairy Science, University of Illinois, Urbana. 
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with Long and Hammer’s agar and the other with Reinbold’s agar. All experi- 
ments were conducted with the diluents tempered at room temperature. The 
plates were incubated at 10° C. for 7 days. 

In order to make the data of all the experiments comparable, the average 
counts of the countable dilutions in each series of plates were converted to sur- 
vival index figures. Because the counts on the plates from the gelatin-phosphate 
diluent at the initial plating showed the maximum survival of the test organisms 
under the conditions of these experiments, these counts were in each instance 
assigned the index figure 100 and all other counts were calculated to a compara- 
tive basis. In the first experiment, however, the average counts on the plates 
inoculated from the gelatin-phosphate dilutions made from the test cultures incu- 
bated for 2 days at 10° C. were assigned the index number 100, and the counts 
from the plates that were inoculated with suspensions from slants 7, 14 and 21 
days old were calculated to a comparative basis. 

The counts from each of the two plating media were recorded separately, and 
the resulting calculated data for each medium were plotted separately. The data 
from Loag and Hammer’s agar only will be presented; in most instances very 
similar trends were observed in the data on Reinbold’s agar. 


RESULTS 


A comparison of the survival characteristics of three strains of Ps. putre- 
faciens. The principal purpose of this study was to determine the relative re- 
sistance of these cultures to inactivation when suspended in distilled water. 
Secondly, it was of interest to determine if the gelatin-phosphate buffer solution 
would prove to be a satisfactory non-toxic diluent for use in plating Ps. putre- 
faciens. Thirdly, it was considered important to determine the relative viability 
of these cultures on agar slants after various periods of incubation at 10° C. 
The latter inquiry was prompted by the fact that difficulty was encountered in 
getting some of the stock cultures of Ps. putrefaciens to initiate growth on fresh 
slants if the cultures were transferred at intervals exceeding 2 wk. 

The data in figure 1 show that culture Io-6 was much more resistant to in- 
activation by distilled water than either of the other two cultures. A higher 
percentage of weakly viable cells (those that survived in gelatin-phosphate 
diluent but not in distilled water) usually was present in the 7-day-old cultures 
than in the 2-day-old cultures. This trend is further magnified when the data 
from the 14-day old and 21-day old cultures are compared with the data from the 
younger cultures. 

Survival of the test organisms was much better in the gelatin-phosphate 
diluent than in distilled water, both at the initial plating and after the organisms 
had been suspended in the respective diluents for 2 hr. The magnitude of the 
decrease in viable count between the initial and final platings was not as great 
when the test organisms were suspended in a suitable diluent as when they were 
suspended in distilled water, which apparently is definitely toxic to them. The 
results of this experiment indicated strongly that the gelatin-phosphate diluent 
was quite satisfactory for Ps. putrefaciens; therefore, it was used as the control 
diluent in all subsequent experiments. 


PS. PUTREFACIENS 741 


On the basis of this study, the most resistant culture, lo-6, was selected as the 
test organism for use in the subsequent detailed studies on the effect of various 
diluents on the survival of Ps. putrefaciens. The assumption was made that any 
diluent that yielded data indicating decreased survival of this culture would give 
even more marked results with other less resistant cultures. 

Studies with aqueous diluents. This phase of the diluent studies included 
two series of experiments. ‘The first series was a comparison of several common 
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Fic. 1. Comparative survival indices of 3 cultures of Pseudomonas putrefaciens plated 
on Long and Hammer’s agar after slant cultures of these organisms had been ineubated for 2, 
7, 14 and 21 d. at 10° C. (Index figure 100 =slant culture incubated 2 d.; then, plated after 
less than 0.25-hr. exposure in the gelatin-phosphate diluent.) 


aqueous diluents. The second series was designed to determine more specifically 
the effect of various concentrations of NaCl on Ps. putrefaciens. This was ac- 
complished by adding the salt to the gelatin-phosphate buffer solution. 

The toxic effect of distilled water on Ps. putrefaciens, demonstrated in the 
previous experiment, suggested the possibility that enough copper from the 
storage tank might have been present in the distilled water used in our labora- 
tory to contribute to the inactivation of these organisms. Consequently, experi- 
ments were conducted using water redistilled in glass. The results were so 
similar to those obtained with the ordinary distilled water, however, that this 
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possibility was ruled out. In addition, trials were conducted with tap water 
and 0.9 per cent NaCl in distilled water. 

The data presented in figure 2 show conclusively that distilled and redistilled 
water were highly unsatisfactory for use as diluents in plating operations in- 
volving Ps. putrefaciens. The curve for 0.9 per cent NaCl in distilled water 
shows that the survival indices were initially and after 0.5 hr. as satisfactory as 
those from the gelatin-phosphate controls, but longer exposure in this diluent 
caused the survival curve to drop sharply. The survival indices for culture Io-6 
suspended in tap water were much higher than those observed with distilled or 
redistilled water throughout the experimental period. This indicates that the 
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Fie. 2. A comparison of the survival indices obtained on culture Io-6 after being sus- 
pended in distilled water, redistilled water, tap water and 0.9% NaCl in distilled water. 


salts making up the natural hardness of the water used in our laboratory offered 
to the test organism some protection that was not present in the distilled water. 
None of the four aqueous diluents tested against the gelatin-phosphate control 
should be considered satisfactory for making dilutions of Ps. putrefaciens in any 
method designed to isolate or quantitatively estimate this organism. 

Figure 3 presents the survival indices obtained when various concentrations 
of NaCl were added to the gelatin-phosphate diluent. The curve for the diluent 
containing no salt shows the usual trend of survival. When 0.9 per cent NaCl 
was used, a slightly greater survival of the test organism was observed. The 
survival indices in the diluent containing 2.0 per cent NaCl followed a general 
downward trend. The most significant feature of these data, however, is the 
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linear decrease in survival indices exhibited in the trials involving 4.0 per cent 
NaCl. This orderly decrease in a diluent which was satisfactory for the test 
organism when it contained no NaCl indicate that 4.0 per cent NaCl is a definitely 
inhibitory ‘concentration for this strain of Ps. putrefaciens. 

Studies on the components of gelatin-phosphate diluent. The distinct advan- 
tages of using the gelatin-sodium phosphate buffer solution as a diluent in plating 
operations involving Ps. putrefaciens became apparent quickly. The question 
arose as to which of the components, the gelatin or the phosphate, contributed 
most to the compatibility of this diluent with the test organism. Therefore, ex- 
periments were conducted using three concentrations of sodium phosphate solu- 
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Fic. 3. The comparative survival indices obtained on culture Io-6 after being suspended 
in gelatin-phosphate diluent containing various concentrations of NaCl. 


tion, keeping the ratio between the primary and secondary phosphates the same 
in all instances. In a similar manner two levels of gelatin in distilled water 
were tested to determine if the colloidal properties of this substance played a 
major role in establishing the compatibility of the diluent with Ps. putrefaciens. 

The data presented in figure 4 show that a 1 per cent aqueous solution of the 
sodium phosphates was a fairly satisfactory diluent for culture Io-6. This con- 
centration of the phosphates is the same as is present in the gelatin-phosphate 
buffer. When the concentration of the phosphates was lowered to 0.5 per cent, 
the survival index curve followed a trend practically parallel to the curve for the 
indices obtained with the 1 per cent phosphates, but at a somewhat lower level. 
With the exception of one point on the curve, the survival indices obtained with 


744 R. O. WAGENAAR AND J. J. JEZESKI 


the 2 per cent phosphate solution were consistently higher than those for the 
gelatin-phosphate control. The data also indicate that at the first two exposure 
periods (less than 0.25 and 0.5 hr.) the double-strength solution of the phosphates 
was more compatible with the test organism than was the control diluent. The 
fact that during the early part of the experimental trials the survival indices for 
the phosphates fell more rapidly than those for the gelatin-phosphate diluent in- 
dicates that the gelatin does have a definite function in producing better sur- 
vival in the gelatin-phosphate combination at the later plating intervals. With 
the 2 per cent phosphate solution, the greatest change in the survival indices 
occurred between the 2- and 3-hr. plating intervals. The increase during this 
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l-hr. period was approximately 50 index units, which indicates that the test or- 
ganism was apparently utilizing the inorganic phosphate as a component for 
growth. This sudden increase in bacterial numbers was largely confined to this 
l-hr. period, however; the differences between the indices at the 3- and 4-hr. 
plating intervals were no greater than could be attributed to the sampling error 
of the experimental method. 

Experiments in which distilled water containing 0.2 and 2.0 per cent gelatin 
were tested showed that gelatin solutions are only slightly better than distilled 


water as diluents for Ps. putrefaciens. 
Studies using milk diluents. Experiments using milk diluents were con- 
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ducted to determine: (a) whether skimmilk would be a satisfactory diluent for 
use in plating operations involving butter containing Ps. putrefaciens and (b) 
the effect of various concentrations of NaCl in milk on this organism. These 
studies were divided into two series: the first series involved experiments using 
fresh skimmilk and the second reconstituted low preheat-treated nonfat dry milk 
solids. The reason for changing to the reconstituted nonfat dry milk solids for 
the latter experiments was that in some instances marked variations were noted 
among the individual trials using the fresh skimmilk. Scmewhat better results 
were obtained with the reconstituted dry milk solids, but there were still some 
instances of poor agreement among individual trials in experiments involving 
less than 4 per cent salt. 

In making up milks containing various concentrations of salt, the NaCl in a 
sterile 25 per cent solution was added aseptically to the previously autoclaved and 
tempered milk blanks. In the fresh skimmilk experiments, a dilution of the 
total solids of the original milk occurred because some water was added with the 
salt. This dilution did not enter into the experiments with the reconstituted 
nonfat dry milk solids, however, because the milk solids for any particular series 
of experiments were reconstituted with a quantity of distilled water decreased 
sufficiently to allow for the water added with the NaCl. 

During the experiments dealing with the effect of various concentrations of 
NaCl in skimmilk on the survival of culture Io-6, it soon was noted that milk 
was not as completely suitable for Ps. putrefaciens as one would expect after 
reading the reports in the literature regarding the use of litmus milk as a medium 
for making enrichment cultures of this organism. In some instances, satisfactory 
survival was obtained in skimmilk containing no added salt, and in other cases a 
surprising rate of decrease in viable count was observed during the 4-hr. experi- 
mental period. Conversely, in some of the trials with skimmilk containing as 
much as 3 per cent NaCl, there was a remarkable resistance of the organism to 
inactivation. A general decrease in the survival of the test organism was noted 
as the percentage of added salt was increased, but some deviations from this 
general trend were observed. The data presented in figure 5 show that there are 
several distinct groups of curves. The curves for the gelatin-phosphate control 
and the reconstituted skimmilk with no added salt show a slight downward trend 
over a 2-hr. exposure period, followed by an increase. The curve for 0.45 per 
cent NaCl in reconstituted skimmilk shows a somewhat sharper downward trend. 
The curves for 0.9, 1.5, 2.0 and 3.0 per cent NaCl in reconstituted skimmilk show 
more marked decreases in survival. The various curves in this group crossed 
each other several times at the earlier plating intervals; consequently, there was 
not a clean-cut indication that 2.0 or 3.0 per cent NaCl in reconstituted skimmilk 
was markedly more lethal to the test organism than 0.9 or 1.5 per cent. The 
data do show clearly, however, that there was a definite decrease in the survival of 
this strain of Ps. putrefaciens in 4.0 and 5.0 per cent NaCl in reconstituted 
skimmilk, as compared with the lower concentrations of salt tested. The sur- 
vival indices for the reconstituted skimmilk diluent containing 10.0 per cent 
NaCl were well below any of the other values in the figure. 
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Long and Hammer (2) reported that all of 15 cultures of Ps. putrefaciens 
tested grew when incubated in skimmilk containing 4 per cent NaCl. These 
findings are not at variance with the data presented here. The 4-hr. exposure 
in reconstituted skimmilk containing 4 per cent NaCl did not kill all the or- 
ganisms initially present, but the number of viable cells was greatly reduced. 

Studies using buttermilk diluents. The studies involving various concentra- 
tions of NaCl in skimmilk and reconstituted skimmilk contributed valuable in- 
formation concerning the effect of common salt on Ps. putrefaciens. It was real- 
ized during these studies, however, that skimmilk does not have the same composi- 
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Fie. 5. The comparative survival indices obtained on culture Io-6 after being suspended 
in reconstituted skimmilk containing various concentrations of NaCl. 


tion as butter serum. Therefore, it was decided that some studies on sweet-cream 
and neutralized-cream buttermilks should be included to elucidate better the 
effect of unsalted, lightly salted and moderately salted butter sera on this or- 
ganism. 

The general procedure for conducting these experiments was the same as for 
those on skimmilk and reconstituted skimmilk, except that the NaCl was steri- 
lized dry in an oven for 4 hr. at 160° C. before being added aseptically to the 
previously autoclaved and tempered buttermilk blanks. It was experimentally 
determined that 5- and 10-g. portions of NaCl occupy approximately 2 and 4 ml., 
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respectively ; therefore, the previously prepared buttermilk blanks for any par- 
ticular experiment were filled to a volume which allowed for the quantity of 
sterile salt to be added. 

The data presented in figure 6 indicate that in sweet-cream buttermilk the 
test culture was inactivated at a fairly uniform rate throughout the 4-hr. experi- 
mental period. When 5.0 per cent NaCl was added to sweet-cream buttermilk, 
the survival indices at the initial plating were markedly reduced, and the rate 
of decrease in viable count was faster. The inactivating effect of 10.0 per cent 
NaCl in sweet-cream buttermilk was still more rapid. It should be pointed out 
that sweet-cream buttermilk has a composition similar to the serum from un- 
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Fig. 6. The comparative survival indices obtained on culture Io-6 after being suspended 
in sweet-cream buttermilk containing various concentrations of NaCl. 


salted sweet-cream butter. Similarly, 5.0 and 10.0 per cent NaCl in sweet-cream 
buttermilk closely approximate the salt concentrations in sera from sweet-cream 
butter lightly salted (0.75 per cent) and moderately salted (1.5 per cent), re- 
spectively. 

The data from the neutralized-cream buttermilk experiments are presented 
in figure 7. The survival indices obtained from neutralized-cream buttermilk 
were consistently above those for the gelatin-phosphate control for the first 2 hr., 
but upon longer exposure dropped well below the control values. When 10.0 per 
cent NaCl was added to neutralized-cream buttermilk, the survival indices at the 
initial plating were much lower, and the indices fell rapidly toward zero. 

A comparison of Long and Hammer’s and Reinbold’s agars as plating media 
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in neutralized-cream buttermilk containing various concentrations of NaCl. 


for Ps. putrefaciens. Throughout the experiments on diluents presented in this 
paper, it was fairly evident that in most instances the survival indices of the 
test culture were higher on Long and Hammer’s agar than on Reinbold’s medium. 
To give a critical comparison of these two media, the average indices from 58 of 
the trials conducted during these studies are presented in table 1. Almost with- 
out exception Long and Hammer’s medium was superior to Reinbold’s agar. 


TABLE 1 


A comparison of Long and Hammer’s and Reinbold’s agars as plating media for 
Pseudomonas putrefaciens 


Elapsed time in diluent (hr.) 
0.25 0.5 1 1.5 2 3 + 


Gelatin-phosphate buffer 


Long and Hammer’s 100.00 95.45 90.45 93.16 94.83 100.23 109.74 

Reinbold’s ............ ’ 100.00 92.81 92.06 90.42 88.63 95.39 95.25 

Difference... 00.00 2.64 -1.61 2.74 6.20 4.84 14.49 
Other diluents 

Long and Hammer’s . 80.56 67.22 58.12 49.19 43.07 40.98 39.62 

64.41 53.77 45.17 41.21 33.58 32.77 37.92 


Difference 16.15 13.45 12.95 7.98 9.49 8.21 1.70 


4 Data from 58 trials with culture Io-6. 
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The comparative survival indices for the other diluents, which included some 
that were very toxic to Ps. putrefaciens, show that the superiority of Long and 
Hammer’s medium was markedly amplified when the diluent was not suitable 
for the test organism. The difference between these two plating media is less 
striking when the data from the gelatin-phosphate buffer solution, a compatible 
diluent, are examined. 

Studies to determine which of three methods of making the initial dilution of 
butter would yield maximum plate counts. After observing that gelatin-phos- 
phate buffer was a satisfactory diluent for Ps. putrefaciens in plating operations 
and that salt in buttermilk (butter serum) was somewhat toxic, it became of 
interest to determine which of three different methods of making the initial 
dilution of the butter sample in this diluent would yield maximum plate counts 
of the test organism from both salted and unsalted butter. The three methods 
of making the initial dilution of butter are summarized as follows: Method 1. 
Five g. of the solid butter were weighed onto a sterile parchment paper and then 
introduced aseptically into a sterile dilution bottle containing 95 ml. of gelatin- 
phosphate diluent tempered to 45° C. Method 2. The butter was warmed and 
mixed to a soft homogeneous mass that could be pipetted. Then 5 g. of the 
sample were pipetted into a dilution bottle containing 95 ml. of the gelatin- 
phosphate diluent tempered at 45° C. Method 3. The fat was oiled off from the 
butter sample by heating at 50° C. for 10 min. in a water bath; than, 0.83 ml. of 
the serum was added to a dilution bottle containing 99 ml. of gelatin-phosphate 
buffer at room temperature. 

The butter used in the comparisons of these methods was obtained by churn- 
ing 1,500 ml. of sweet cream that had been previously pasteurized at 79.5° C. 
for 20 min. The washed butter was inoculated with 3 ml. of a litmus milk cul- 
ture of strain Io-6 that had been incubated at 10° C. for 24 hr. This inoculum 
was thoroughly worked into the butter, and then the inoculated butter was 
divided into two lots. One lot was left unsalted and 1.5 per cent salt was worked 
into the other portion. Approximately 35-g. portions of butter were weighed 
into sterile 2-0z. sample jars and the samples were stored at 5° C. At weekly 
intervals, one unsalted and one salted portion were selected and each was plated 
in four dilutions using the three methods of making the initial dilution. It was 
assumed that approximately one-sixth of the butter was serum; therefore, 0.83 
ml. of the clear serum was taken to be equivalent to 5 g. of butter. 

Plates previously poured with Long and Hammer’s agar were inoculated. 
The plates were incubated for 6 days at 10° C. The counts obtained on these 
5-g. samples then were converted to the basis of counts per gram of butter. 
Platings were made weekly for 6 wk. in a similar manner, each time picking the 
butter samples at random from the remaining supply. The counts per gram of 
butter were converted to logarithms; they are presented graphically in figure 8. 
The data in this figure show that the counts from the unsalted butter range from 
approximately 100 to approximately 1,000 times higher than the counts from the 
salted butter. The difference is greatest beyond the 1-wk. incubation period, 
which indicated that the salt becomes definitely inhibitory during the period 
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that the viable counts in the unsalted butter continue to rise further. The curves 
for the unsalted butter plated by using methods 1 and 2 are essentially the same 
over the entire 6 wk. of the experiment. 

The counts on the salted butter plated by method 1 were definitely higher 
than the counts from the samples plated by either of the other methods, being at 
least ten times as high as those from the butter plated by method 3, with the 
single exception of the 1-wk.-old sample. 
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Fie. 8. A comparison of the numbers of culture Io-6 recovered by each of three methods 
of making the initial dilution of salted and unsalted butter (culture Io-6 inoculated into the 
butter after churning). 


These results indicate that with unsalted butter the mixing of the butter in a 
soft condition, so that its original structure is not materially disrupted, does not 
change markedly the number of organisms estimated by the plate method. When 
the fat is oiled off at 50° C. for 10 min., however, the counts in most cases are 
markedly reduced. This reduction may be attributed to the heat inactivation of 
some of the more sensitive cells. 

With the salted butter, the disruption of the original structure by melting 
and stirring allows the bacteria to come in contact with moisture droplets con- 
taining a high concentration of salt. The salt may inactivate some of the less 
resistant cells almost immediately ; therefore, the counts on the samples plated 
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by method 2 were below those plated by method 1, even though the treatment was 
the same after the butter was introduced into the gelatin-phosphate diluent. In 
method 3, the inactivating effect on the test organisms may be attributed to two 
factors. The organisms passed into an approximately 10 per cent salt brine as 
the fat oiled off, thereby allowing the salt to come into close contact with a high 
percentage of the organisms. Also, the temperature used in oiling off the fat 
may inactivate the highly heat-sensitive cells. The combination of the heat and 
the high salt concentration in the serum is the most likely cause for the definitely 
lower counts by this method as compared with method 1. 

The foregoing data show that method 1 is superior to either of the other 
methods when one is attempting to isolate Ps. putrefaciens, or is interested in 
a quantitative estimate of the number of these organisms in any specific sample 
of butter. In addition to yielding the most satsifactory results, the manipula- 
tions involved in diluting a sample of butter by method 1 are simpler and less 
time-consuming than those involved in either of the other methods. 

About 25 samples of commercial butter showing putrid defects were examined 
using conventional plating techniques, litmus milk enrichment (2), and method 1 
with Long and Hammer’s agar as the growth medium. No positive isolations 
of Ps. putrefaciens were obtained by conventional plating techniques. Litmus 
milk enrichment followed by culturing on gelatin agar resulted in isolations from 
less than 20 per cent of the samples, whereas method 1 produced isolations in 
better than 40 per cent of the samples tested and furthermore with a saving in 
the time necessary for detection plus estimations of the actual numbers occurring 
in the samples. 


DISCUSSION 


The survival indices after the test organism had been suspended in 0.9 per 
cent NaCl for 0.5 hr. were reasonably satisfactory, but the decrease in the number 
of viable organisms was extremely rapid between the 0.5- and 1-hr. exposure 
periods. This is not the first report of an organism that was adversely affected 
by exposure to physiological saline. The data obtained in these experiments 
showed, however, that anyone contemplating the use of 0.9 per cent NaCl as a 
suspending medium for any organism should first determine the compatibility of 
his culture with this diluent. 

In the light of the recent work by Doudoroff et al. (1), in which the phos- 
phorylation of sucrose by Ps. putrefaciens was established, it was not par- 
ticularly surprising that relatively high concentrations of phosphate were very 
compatible with the test organism. The sharp increase in bacterial numbers in 
this inorganic medium was somewhat startling, however. Slight rises in the 
survival indices between the 2- and 4-hr. plating intervals had been consistently 
observed with the gelatin-phosphate diluent, but in this instance the increase had 
been attributed to the utilization of the gelatin for growth. In view of the later 
observations with the 2.0 per cent phosphates, it may be more logical to attribute 
the increase in bacterial numbers in the gelatin-phosphate diluent to the utiliza- 
tion of both gelatin and phosphate for growth. The fact that the 2.0 per cent 
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sodium phosphate solution yielded better survival indices at the initial plating 
interval than did gelatin-phosphate diluent would prompt one to recommend 
the 2.0 per cent phosphate solution as a diluent superior to the gelatin-phosphate. 
The data obtained in the comparison of these two diluents showed that the sur- 
vival indices of the test organism in the 2.0 per cent phosphate solution dropped 
much more sharply during the first hour than the indices from the gelatin-phos- 
phate diluent; therefore, for more consistent results during the length of time 
that a test sample is likely to be suspended in the diluent before plating, the 
gelatin-phosphate should still be considered as the more reliable. 

Conelusive data were obtained in these studies establishing the sodium phos- 
phates as the principal component contributing to the compatibility of the gelatin- 
phosphate diluent with Ps. putrefaciens. Both of the plating media used in 
these experiments contained 0.1 per cent potassium phosphate. An experiment 
comparing equi-molar concentrations of the sodium phosphates and the potassium 
phosphates would yield valuable information as to the importance of sodium in 
the metabolic processes of this organism. If sodium phosphate should prove to 
be superior to potassium phosphate, then it would follow logically that the sub- 
stitution of sodium phosphate for potassium phosphate in these two plating media 
should improve them for use when working with Ps. putrefaciens. Also, in view 
of the observation that increasing the concentration of phosphate improved the 
compatibility of the phosphate solution with the test organism, it is entirely 
possible that increasing the concentration of phosphate in these plating media 
would improve their usefulness in the quantitative estimation and isolation of 
Ps. putrefaciens from putrid butter. 

In addition to showing that skimmilk was not completely satisfactory as a 
diluent in which to suspend Ps. putrefaciens for periods up to 1 hr., the results 
of the experiments on the skimmilk diluents suggested one reason for the obser- 
vation of earlier workers that Ps. putrefaciens did not always initiate growth in 
litmus milk, even when relatively large inocula were used. 

The results of the experiments, in which the survival indices of Ps. putre- 
faciens in sweet-cream buttermilk and neutralized-cream buttermilk with 0.0 
and 10.0 per cent added NaCl were determined, showed the effect of the serum 
from unsalted and moderately salted (1.5 per cent) butter on this organism. It 
was interesting to observe that neutralized-cream buttermilk, either with or with- 
out salt, had a slower inactivating effect on the test organism than the correspond- 
ing sweet-cream buttermilk. The particular neutralized-cream buttermilk used 
in this study was from cream in which the developed acidity had been neutralized 
with NaOH. It would be of interest to determine if buttermilk from cream 
neutralized with a Ca or Mg neutralizer would show a similar relationship to 
sweet-cream buttermilk. 

The experiments on the three methods of making the initial dilution of a 
butter sample to be examined for the presence of Ps. putrefaciens demonstrated 
that maximum counts would be obtained by weighing the unmelted butter, and 
then introducing it into a gelatin-phosphate diluent blank tempered to 45° C. 
Therefore, method 1 as it has been described previously is presented as an im- 
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proved method for making isolations of Ps. putrefaciens from butter suspected 
of being infected with this organism. This method also is advocated as the first 
one which will yield counts of Ps. putrefaciens from putrid butter that are any- 
where near the actual numbers of viable organisms present in an infected sample. 
The characteristic pigment produced by this organism on Long and Hammer’s 
agar enables one to distinguish it from other types that will grow abundantly at 
10° C. 

During the course of these experiments, several samples of putrid market 
butter were examined by the new method. Counts and direct isolations of the 
causative organisms were made without difficulty and with considerably more 
success than with methods heretofore advocated. Samples of putrid butter usu- 
ally are several weeks old before they are brought to the laboratory for examina- 
tion. It is hoped that an attempt will be made by individuals who encounter 
butter exhibiting this defect to have it examined while it is still relatively fresh. 
The data from the butter experiments showed that the counts by the end of 
1 wk. of storage at 5° C. were of such magnitude that there would be no diffi- 
culty in isolating Ps. putrefaciens colonies from a 10~ dilution of the sample being 
examined. The counts in these experiments were obtained from butter inocu- 
lated with a pure culture of Ps. putrefaciens, but even if 99 per cent of the col- 
onies on any given dilution were other types, still there would be ample oppor- 
tunity to pick out several typically pigmented Ps. putrefaciens colonies from 
plates containing numbers of colonies in the countable range. Therefore, it is 
suggested that butter only a few days old suspected of being contaminated with 
Ps. putrefaciens should be examined by the proposed method even before the 
typical aroma and flavor of putrid butter develop. This early examination will 
serve as a guide to indicate whether any questionable lot of butter should be 
placed on the market. Additional information may be obtained from keeping 
quality tests that are conducted on an accelerated basis at temperatures well above 
those at which butter normally is held during shipment or storage. 

The data from the experiments conducted indicated very strongly that the 
extreme difficulty encountered in making direct isolations of Ps. putrefaciens in 
the past may be attributed more to the diluent used in making appropriate dilu- 
tions of the butter being examined than to any gross inadequacies in the recom- 
mended plating media. 


SUMMARY 


Experiments using three pure cultures of Ps. putrefaciens showed that there 
was a wide variance among these cultures as to their ability to withstand the 
toxic effects of distilled water. 

Distilled water and redistilled (in glass) water rapidly inactivated the test 
organism. Less than 1.0 per cent of those originally present were viable after 
being suspended in these diluents for 1 hr. Tap water showed a somewhat better 
compatibility with Ps. putrefaciens than distilled water. 

The data from trials with 0.9 per cent NaCl in distilled water (physiological 
saline) indicated that this diluent is reasonably compatible with Ps. putrefaciens 
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for the first 0.5 hr., but the test organism was rapidly inactivated upon being 
suspended in this saline solution for longer periods. 

The addition of 0.9 per cent NaCl to the gelatin-phosphate diluent slightly 
improved its compatibility with Ps. putrefaciens. The addition of 2.0 per cent 
NaCl caused a slight decrease in the survival indices of the test culture, and 4.0 
per cent caused a definite decrease. 

The phosphate salts (0.725 per cent NaH.PO,+ 0.37 per cent Na,HPO,) are 
the component of gelatin-phosphate buffer solution contributing most to its ex- 
cellent qualities as a diluent for Ps. putrefaciens. 

A 0.5 per cent phosphate solution was fairly satisfactory as a diluent for 
Ps. putrefaciens but was inferior to a 1.0 per cent solution. Similarly, a 1.0 per 
cent phosphate solution was inferior to a 2.0 per cent solution. 

When various concentrations of NaCl were added to reconstituted skimmilk, 
a general decrease in the survival of the test organism was noted as the per- 
centage of added salt was increased. The sharpest decrease in the survival in- 
dices of the test culture occurred with 4 per cent as compared with 3 per cent 
added NaCl. 

Three methods of making the initial dilution of butter for plating were com- 
pared to determine which would yield maximum counts of Ps. putrefaciens. 
The method which yielded maximum counts in these studies is presented as a 
new procedure for making quantitative estimations and direct isolations of this 
organism from putrid butter. 
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Alfalfa is the principal legume hay used on dairy farms in the United States, 
supplying about 10 per cent of the total feed nutrients used by dairy cows. 

A survey of the quality of alfalfa hay produced in New Jersey during 1948, 
1949 and 1950 (5), indicated that on an average 14 per cent graded U. S. no. 1, 
22 per cent U.S. no. 2 Leafy, 27 per cent U.S. no. 2, 9 per cent U. 8. no. 3 Leafy, 
15 per cent U. S. no. 3, and 13 per cent Sample grade. These data illustrate 
the wide variance in the quality of alfalfa hay as graded by the published stand- 
ards of the U.S. Department of Agriculture (3). 

Very few experimental data are available on the feeding value of the U. S. 
grades of alfalfa hay. Pollock and Hosterman (2) have summarized general 
information on hay quality in relation to production and feed value. Kelkar 
and Gullickson (1) fed U. S. no. 1 Extra Leafy Green Alfalfa hay and U. S. no. 3 
Leafy Brown Alfalfa hay to two pairs of identical twin dairy heifers. The U.S. 
no. 1 Extra Leafy Green Alfalfa hay was more palatable, richer in digestible 
nutrients and carotene, and produced slightly more rapid gains in weight and in 
height at withers than the U. 8. no. 3 Leafy Brown Alfalfa hay, but at a higher 
cost in nutrients per unit of gain. 

In order to obtain data on the relative feeding value of different grades of 
alfalfa hay, hays of different grades were purchased and fed to groups of growing 
dairy heifers in two winter-feeding experiments. 


EXPERIMENTAL PROCEDURE 
Experiment I—1949-50 


An attempt was made to obtain U. S. no. 1 and U. S. no. 3 Alfalfa hays for 
use in this experiment. The alfalfa hays used were obtained from farms in the 
same general locality in the Shenandoah Valley of Virginia. At the time the 
hays were obtained, selection on the basis of grade classifications was made by an 
official hay grader, who examined the lots before they were purchased. How- 
ever, the final grade given each lot of hay was made by averaging the grade 
classifications given to samples taken at 10-day intervals during the time the 
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hay was fed. The grades, therefore, are based on 15 samples of each kind of hay. 
Each sample was a composite of borings taken from six bales in each 10-day 
period. The average grade of each lot of hay used is shown in table 1. 

On the average, lot A, which was purchased as no. 1 hay, failed by a narrow 
margin to average 40 per cent leaf, the minimum required for U. 8. no. 1 Al- 
falfa hay. The 15 samples from lot A averaged 37.4 per cent leaf, 8 per cent 
grass and 60 per cent green color, and the lot was officially graded U. 8. no. 2 
Green Alfalfa Light Grass Mixed hay. The 15 samples from lot B, purchased 
as U.S. no. 3 hay, averaged 21 per cent leaf, 41 per cent green color and 5 per 


TABLE 1 


Showing data relative to grades of hay used 


Foreign Leafi- 
Lot Alfalfa Grass Clover ma- ness of Color U.S. grade 
terial alfalfa 


(%) (%) (%) (%) (%) (huej® (%) 
Experiment I 1949-50 
A 91.7 8.0 4.1 37.4 Bia 60 U.S. no. 2 Green Alfalfa 
Light Grass Mixed hay 
B 94.0 5.5 5.1 21.0 as 41 U.S. no. 3 Alfalfa hay 


Experiment IT 1950-51 
A 96.0 2.7 1.3 4.7 51.4 7.20y 65 U. S. no. 1 Extra Leafy 
Alfalfa hay 
B 90.5 9.5 Trace 1.6 42.6 6.20y 60 U. S. no. 1 Alfalfa Light 
Grass Mixed hay 


96.9 3.0 0.1 6.0 48.7 5.55y 54 U. S. no. 2 Leafy Alfalfa 
hay 
Av. 94.4 5.1 0.5 4.1 45.6 6.32y 60 U. 8S. no. 1 Alfalfa hay 
74.6 24.8 0.6 9.1 20.8 4.80y 48 U.S. no. 2 Alfalfa Heavy 


Grass Mixed hay 
E 90.4 9.6 Trace 3.9 10.8 3.47y 34 U.S. no. 3 Alfalfa Light 
Grass. Mixed hay 
96.5 3.3 0.2 14.6 24.4 2.79y 24 U. S. no. 3 Alfalfa hay 


Av. 87.2 12.6 0.3 9.2 18.7 3.69y 36 U.S. no. 3 Alfalfa Light 
Grass Mixed hay 


a Hue designation on the basis of the Munsell color system. 


cent grass, and the lot was officially graded as U. S. no. 3 Alfalfa hay. Three of 
the 15 samples slightly exceeded the 25 per cent maximum leaf content for U. S. 
no. 3 hay. 

It was unfortunate that lot A fell in the U.S. no. 2 grade, but it was felt that 
the rather wide differences between it and the U. S. no. 3 grade in leaf content 
(16 per cent) and color (19 per cent) would be reflected in the results of the 
feeding experiment. The grass in the two lots, being at or near the 5 per cent 
allowed in the class Alfalfa hay, probably was not a factor in their relative 
feeding value. 

Sixteen Holstein heifers were divided into two balanced groups, A and B, ac- 
cording to age and body weight. Table 2 shows the ages and body weights (aver- 
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age of 3 consecutive days) at the start of the experiment on December 14, 1949. 
The older heifers had been on pasture and were receiving hay, corn silage and 
grain prior to the start of the experiment, while the younger heifers had been 
kept in the calf barn, where they received hay and grain. The heifers in group A 
were slightly younger than those in group B, but the average body weight was ap- 
proximately the same. 

The heifers in each group were fed for a period of 150 days. Those in group 
A received lot A, the U. S. no. 2 hay, while those in group B received lot B, the 
U.S. no. 3 hay. The hay was the sole feed, no grain being fed. Wood shavings 
were used as bedding. A mineral mixture of equal parts of bonemeal and salt 
was available in the exercise lots. The hay was fed ad libitum and the amount 
fed and refused was recorded daily for each heifer. The hay was fed twice a 


TABLE 2 


Average age and body weights of heifers at start of feeding experiment 


No. of Body No. of Body 
animals Age weight animals Age weight 
(mo.) (1b.) (mo.) (1b.) 
Experiment I 1949-50 
Group A fed Lot A hay Group B fed Lot B hay 
8 11.6 655 8 11.9 657 
Experiment II 1950-61 
Group A fed Lot A hay Group D fed Lot D hay 
a 13.8 746 + 13.3 714 
Group B fed Lot B hay Group E fed Lot E hay 
4 11.5 619 + 11.5 650 
Group C fed Lot C hay Group F fed Lot F hay 
4 11.8 653 4 11.8 664 
Av. for Groups A, B and C Av. for Groups D, E and F 


12 12.3 673 12 12.2 676 


day and the amount fed was adjusted frequently so that the refusal would be 
10 per cent or less of the amount fed. 

A carefully planned system of sampling the hays for grade and chemical 
analysis was followed. Samples were taken on the second, fifth and eighth days 
of each 10-day period, by boring the bales. Each sample was placed in a tight 
can and held to the end of the 10-day period. The three samples for the 10-day 
period then were mixed thoroughly and a sub-sample was taken for chemical 
analysis and grade determination. The hays were analyzed by 10-day periods 
for dry matter, protein, ether extract, crude fiber and ash according to the official 
methods of the Association of Official Agricultural Chemists (4). 

The refusal from all heifers in groups A and B was sampled by groups on the 
second and eighth days of each 10-day period, and composited by groups for each 
10-day period for dry matter determinations. 

Body weights were taken for 3 consecutive days at the start of the experiment 
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and at the end of each 30-day period. The heifers were kept in stanchions except 
for two daily periods of exercise which lasted for 2 hr. in the morning and 1 hr. 
in the afternoon. 


RESULTS OF EXPERIMENT I 


The averages for the dry-matter content and the chemical composition of the 
dry matter of the two lots of hay are presented in Table 3. By using Morrison’s 
factors for digestibility of alfalfa hay, the total digestible nutrient content of the 
hays fed groups A and B were calculated as 57.41 and 52.63 per cent respectively. 

The average amounts of hay and dry matter consumed per heifer per day are 
shown in table 4. The heifers in group A receiving U. 8S. no. 2 Alfalfa Light 
Grass Mixed hay consumed more hay and dry matter than the heifers in group B 


TABLE 3 
Average dry matter content and chemical composition of the dry matter of the hays fed 


Composition of dry matter 


Dry 
matter Ether N-free 
Protein extract extract 

(%) (%) (%) (%) (%) (%) 
: Experiment I 1949-50 
Lot A 89.1 18.85 1.93 30.32 41.29 7.60 
Lot B 89.3 16.80 1.40 38.28 36.84 6.68 

Experiment II 1950-51 

Lot A 89.84 22.52 1.87 27.02 39.99 8.60 
Lot B 88.36 18.87 1.94 29.39 42.41 7.39 
Lot C 87.96 19.46 1.92 26.17 43.34 8.11 
Lot D 87.91 13.52 1.49 37.18 41.30 6.51 
Lot E 87.86 14.41 1.08 42.23 35.36 6.92 
Lot F 


87.02 16.39 1.41 37.09 37.57 7.54 


receiving U.S. no. 3 Alfalfa hay. The amount of hay refused, or weighed back, 
was the same for both groups—averaging 9.5 per cent. Due to individual varia- 
tions between animals within the groups, analysis of variance for dry matter con- 
sumption did not show any significant difference between the two hays. How- 
ever, the difference did approach significance (F found, 5.25; F required at the 
5 per cent level, 5.59). 

Total gains and average daily gains of body weight for the two groups of 
heifers are shown in table 4. Both groups averaged approximately the same in 
weight at the start of the feeding trial and they gained at about the same rate 
for the first 30 days. Thereafter, the heifers in group A made consistently 
greater gains than the heifers in group B. At the end of the 150-day period, the 
heifers in group A were, on the average, 48 lb. heavier than the heifers in group B. 
Analysis of variance of the total weight gains showed significant differences be- 
tween the two groups (F found, 7.43; F required at the 5 per cent level, 4.60; 
at the 1 per cent level, 8.86). Although the average daily gain by group A was 
decidedly greater, the average daily gain by the group B heifers is considered 
satisfactory, since it was 26 per cent above the standard gain of 1.13 lb. per day 
for Holstein heifers at Beltsville. The above-standard gain by the heifers in 
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group B probably is due to the fact that they were below normal in weight at the 
beginning of the feeding period. The heifers in group A carried calves for an 
average of 25 days during the 150-day trial period, as compared to an average of 
34 days for the heifers in group B. 

According to table 4 it required 10.2 lb. of dry matter from the no. 2 hay to 
produce 1 Ib. of gain, including body maintenance, while it required 11.67 lb. of 


TABLE 4 
Gain in body weight and hay consumption 


Dry 
Average Alfalfa hay/day Dry matter/day 
daily con- 
Fed Refused Consumed Fed Refused Consumed 
(1b.) (1b.) (1b.) (1b.) (1b.) (1b.) (1b.) (1b.) (1b.) 
Experiment I 1949-50 
Group A—U. 8S. No. 2 Green Alfalfa Light Grass Mixed hay 
262 1.75 22.0 2.1 19.9 19.7 1.8 17.9 10.20 
Group B—U. 8. No. 3 Alfalfa hay 
212 1.41 20.1 1.9 18.2 18.0 1.7 16.3 11.67 
Experiment II 1950-51 
Group A—U. 8. No. 1 Extra Leafy Alfalfa hay 
178 1.48 24.1 1.9 22.1 19.9 1.6 18.3 13.13 
Group B—U. S. No. 1 Alfalfa Light Grass Mixed hay 
181 1.50 19.6 1.9 18.9 16.7 1.6 15.2 11.00 
Group C—U. 8. No. 2 Leafy Alfalfa hay 
187 1.56 21.9 1.8 20.1 17.7 1.6 16.1 10.48 
Gorups A, B, and C—Average U. 8. No. 1 Alfalfa hay 
Av. 1.51 21.9 1.9 20.3 18.1 1.6 16.5 11.53 
Group D—U. S. No. 2 Alfalfa Heavy Grass Mixed hay 
122 1.02 20.6 1.9 18.7 16.5 1.6 14.9 15.69 
Group E—U. 8. No. 3 Alfalfa Light Grass Mixed hay 
147 1.23 18.9 1.8 17.1 15.1 1.5 13.6 11.89 
Group F—U. 8S. No. 3 Alfalfa hay 
146 1.22 18.9 LT 17.2 14.9 1.4 13.5 11.14 
Groups D, E, and F—Average No. 3 Alfalfa Light Grass Mixed hay 
Av. 1.15 19.5 1.8 17.7 15.5 1.5 14.0 12.91 


dry matter from the no. 3 hay. Thus, it required 12.6 per cent less dry matter 
from the no. 2 hay than from the no. 3 hay to make 1 Ib. of gain. On the basis 
of hay with 90.0 per cent dry matter, if 1 ton of the no. 2 hay used in this ex- 
periment was worth 40 dollars per ton, 1 ton of the no. 3 hay would be worth 
about 35 dollars. 

Experiment II—1950-51 


The experimental procedure for 1950-51 was similar to that followed in 
1949-50, with two exceptions: (a) The feeding period was limited to 120 instead 
of 150 days; (b) an attempt was made to purchase three lots of U. S. no. 1 Alfalfa 
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Hay and three lots of U. S. no. 3 Alfalfa Hay instead of one lot of each grade. 
The purpose was to obtain a better sample of each market grade of hay and to 
permit a better application of statistical methods to the data. 

Lot A was grown near Charlestown, West Virginia, and baled from the field 
when it contained 40 to 45 per cent moisture. It was dried on a dryer with heat, 
the drying being completed in about 48 hr. Lot B was grown near Mt. Jackson, 
Virginia. The loose hay was placed on a mow finisher before it was completely 
eured, and curing was completed by forcing unheated air through the hay for 
about 5 days. The hay was baled shortly after the curing was completed. Lot C 
was grown in Page Valley, Virginia, and was naturally cured hay that was baled 
from the field. The three lots of the U. 8S. no. 3 hay, lots D, E and F, were grown 
near Mt. Jackson, Virginia, and were field-cured lots which had received some 
weather damage during the curing. 

On the basis of the grades obtained from the 12 samples taken from each lot 
during the feeding tests, only one of the lots (lot F) was actually of the grade 
desired (see table 1). Lot A was graded U.S. no. 1 Extra Leafy Alfalfa hay be- 
cause it was better than U. S. no. 1 Alfalfa hay on the factor of leafiness. Lot B 
was graded U. S. no. 1 Alfalfa Light Grass Mixed hay because it contained an 
excess of grass for the class, Alfalfa hay, and lot C was graded U. 8. no. 2 Leafy 
Alfalfa hay because it lacked by 6 per cent sufficient green color for the no. 1 
grade. In practical inspection these three lots probably would have been graded 
U.S. no. 1 Alfalfa hay at the time of purchase because the inspector was unable 
to estimate the various percentages of color, leafiness and grass with a greater 
degree of accuracy. 

Of the hays grouped in the U. 8. no. 3 grade, lot E was the only one which was 
finally graded as U. 8. no. 3 Alfalfa hay. Lots D and E were selected because 
they were nearest the grade desired. After examining many lots of hay, the in- 
spector selected these six lots because they most closely approached the types of 
hay desired, although it was recognized that they were not exactly the grades or 
classes which were specified in the work plan. 

The average grade of lots A, B and C, as finally determined, was U. S. no. 1 
Alfalfa hay, and the average of lots D, E and F was U. S. no. 3 Alfalfa Light 
Grass Mixed hay (see table 1). Table 3 shows the average dry matter content of 
the six lots of hay and the chemical composition of the dry matter. Lots A, B 
and C were higher in protein and fat and lower in crude fiber than lots D, E 
and F. 

Twenty-four Holstein heifers were divided into two balanced groups, one to 
be fed the U. S. no. 1 hay and the other to be fed U. S. no. 3. Within each group 
the heifers were alloted at random into three sub-groups, making four heifers on 
each lot of hay. Table 2 shows the average age and body weight of the heifers 
allotted to the respective groups. At the beginning of the feeding period the 
heifers were, on the average, 5 to 6 per cent below average in weight for their 
age, as compared to the standard weights at Beltsville. 

The average amount of hay and dry matter consumed and refused per heifer 
per day is shown in table 4. Groups A, B and C, on no. 1 hay, consumed more 
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hay and dry matter than groups D, E and F, on no. 3 hay. The amount of 
refusal amounted to 8.7 per cent for the no. 1 hay and 9.2 per cent for the no. 3 
hay. Analysis by variance showed a highly significant difference in hay con- 
sumption between the groups that received the no. 1 hay and those that received 
the no. 3 hay, but there were no significant differences between lots of hay within 
the two grades. 

Table 4+ shows the gains in body weight for the heifers. The average daily 
gain for groups A, B and C on no. 1 hay was considerably greater than the aver- 
age for groups D, E and F on no. 3 hay. Only two of the heifers on no. 3 hay 
showed a gain greater than that of the heifer showing the least gain on no. 1 hay. 
Analysis by variance showed that there was a highly significant difference be- 
tween the gains made on no. 1 hay and those made on no. 3. There was no sig- 
nificant difference between lots of hay within the two grades. 

According to table 4, it required 11.53 lb. of dry matter for the heifers on 
no. 1 hay to produce 1 Ib .of gain or 10.7 per cent less dry matter than for the 
heifers on the no. 3 hay. Therefore, if 1 ton of the no. 1 hay was worth 40 ~ 
dollars per ton, 1 ton of the no. 3 hay would be worth about 36 dollars. 


DISCUSSION 


The results of the first experiment (1949-50) showed that the U. S. no. 2 
Green Alfalfa Light Grass Mixed hay had a higher feeding value than the U. 8. 
no. 3 Alfalfa hay. It should be pointed out, however, that the no. 2 hay would 
have been graded no. 1 had its leaf content been slightly higher. 

There also were differences between the no. 2 and 3 hays in chemical com- 
position. The differences in leaf content (16 per cent) and color (19 per cent) 
apparently were sufficient to affect palatability, so that the heifers on no. 2 hay 
consumed 1.6 lb. more dry matter per day than the heifers on the no. 3 hay. 

Under practical conditions, in order to obtain the most economical gains, the 
farmer would desire to feed the hay which produced the most rapid gain, pro- 
vided the difference in cost was not too great. The heifers on no. 2 hay made 
considerably greater average daily gains of body weight than those on no. 3 hay 
and consumed 12.5 per cent less dry matter per pound of gain. 

In the second experiment (1950-51), about the same results were obtained as 
in the previous year. When the six lots of hay were arranged in order according 
to leaf content, along with data on protein, crude fiber, dry matter consumption 
and daily gain, as shown in table 5, there was a close relationship between these 
factors. In general, the greater the leaf content, the greater the protein con- 
tent, the less the fiber content and the greater the consumption and average daily 
gains. It is surprising that lot E with the lowest leaf content and the highest 
fiber content did not produce the poorest gain. This may have been due to ani- 
mal variation, but it is more likely that other factors were operating which are 
not measured by present chemical and physical means. The variation in the 
gains on the three different lots of no. 3 hay also may be due to the variation in 
the percentage of grass or foreign material in the different lots. The lot which 
contained the largest percentage of grass, lot D, with 25 per cent of grass, gave 
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the lowest gains. Lot F, with the highest percentage of foreign material, also 
gave somewhat lower average daily gains than lot E, although this difference is 
not significant. 

When the three lots of hay that were fed to each group of heifers are aver- 
aged together, it required 10.7 per cent less dry matter from the no. 1 hay to pro- 
duce 1 lb. of gain than from the no. 3 hay. 

It is noteworthy that three lots of hay in the 2 yr. of work graded no. 2 and 
yet there apparently was a wide difference in the feeding value of these particular 
lots; that is, lot A for 1949-50 and lots C and D for 1950-51. It is possible that 
the standards for the no. 2 grade are too broad and should be more limited, pos- 
sibly by broadening the standards for the no. 1 grade. 

Perhaps some method should be worked out whereby the various grading 
factors would be given numerical values and the grade determined on the basis 
of the sum of these values. Thus, a slight deficiency of one factor would not 


TABLE 5 


Relationship between leaf, protein and crude fiber contents, consumption 
of dry matter and gain in body weight 


Leafiness . Dry matter Av.daily 
Let of alfalfa Crude Ser consumed/day gain 
(%) (%): (%) (1b.) (1b.) 
Experiment I 1949-50 
37.4 18.9 30.3 17.9 1.75 
21.0 16.8 32.3 16.3 1.41 
Experiment II 1950-851 
A 51.4 22.5 27.0 18.3 1.479 
Cc 48.7 19.5 26.2 16.1 1.558 
B 42.6 18.9 29.4 15.2 1.502 
F 24.4 16.4 37.1 13.5 1.217 
D 20.8 13.5 37.2 14.9 1.015 
E 10.8 14.4 42.2 13.6 1.227 


automatically throw a lot of hay into a lower grade if the deficiency could be 
compensated for by some other factor which would raise the total sum to a 
higher grade. 

The results show that considerably more detailed work is needed before 
changes in the present standards can be made. 

Aside from showing the relative feeding value of the different grades of hay, 
the experiments show that Holstein heifers between 9 and 16 mo. of age will make 
satisfactory gains if fed all the good quality hay they will eat. These data are 
in agreement with data from other experiments being conducted at Beltsville. 


SUMMARY AND CONCLUSIONS 


Several lots of alfalfa hay were graded according to published standards and 
fed as the sole ration to Holstein heifers, during two group feeding trials. 

During the 1949-50 feeding trial the heifers fed U. S. no. 2 hay consumed an 
average of 9.8 per cent more dry matter, gained 24.1 per cent more body weight 
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and consumed 12.6 per cent less dry matter per pound of body weight gained, 
than the heifers fed U. S. no. 3 hay. Analysis of variance showed that the dif- 
ference in dry matter consumed approached significance at the 5 per cent level 
and the difference in body weight gained was significant. 

During the 1950-51 feeding trial the heifers fed U. S. no. 1 hay consumed an 
average of 17.9 per cent more dry matter, gained 31.3 per cent more body weight 
and consumed 10.7 per cent less dry matter per pound of body weight gained, 
than the heifers fed U. S. no. 3 hay. Analysis of variance showed that the dif- 
ference in dry matter consumption and the difference in body weight gain was 
highly significant. 

Holstein heifers will make adequate gains on good quality alfalfa hay alone 
if fed all they will eat. 
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EFFECT OF pH OF SOLUTION ON GERMICIDAL ACTIVITY OF 
QUATERNARY AMMONIUM COMPOUNDS’ 


K. F. SOIKE, D. D. MILLER,? anp P. R. ELLIKER 


Oregon Agricultural Experiment Station, Corvallis 


During the course of studies on germicidal activity of experimental dairy 
germicide-detergent combinations, it was observed that pH of the product mark- 
edly affected the rate of destruction of different organisms by the quaternary 
ammonium compound (QAC) incorporated in the preparations. For example, 
Pseudomonas aeruginosa was destroyed at a faster rate at pH levels in the range 
of 3 to 4 than at 8 to 10. Escherichia coli, on the other hand, showed surpris- 
ingly great resistance at the low levels and was destroyed more readily in the 
alkaline range. These results prompted a more thorough investigation of the 
effeet of pH on QAC activity. 

Numerous investigators have dealt with the pH problem in relation to QAC 
germicidal action. This work has been discussed briefly in a number of reports 
(1, 3, 5, 6, 8, 9, 10). The broad conclusion has been that most QACs tend to 
demonstrate greater germicidal activity in alkaline than in acid solutions. How- 
ever, Quisno and Foter (7) reported activity of cetyl pyridinium chloride to be 
constant over a pH range of 3 to 10. Hucker ef al. (4) reported that three of 
ten QACs studied reached optimum germicidal activity in the alkaline pH range, 
another three were most active in the acid range and the remaining four reached 
an optimum in both the acid and alkaline ranges. They concluded on the basis 
of studies on EF. coli that QACs as a group are least effective at or near the 
neutral point. The recent report of Salton (10), which appeared during the 
course of our investigations represents the most complete study of the problem 
to date. Salton observed that with both cetyl trimethyl ammonium bromide and 
cetyl pyridinium chloride a number of bacterial species, including Micrococcus 
pyogenes var. aureus, were most susceptible to QAC under slightly alkaline con- 
ditions, but a number of others, including Pseudomonas fluorescens and E. coli, 
were most susceptible under slightly acid conditions. 

Studies reported in this paper deal with the effect of pH levels over a wide 
range on four QACs, at least three of which have been extensively used for dairy 
sanitizers and detergent-sanitizers. All QACs used in the present study differ 
from those employed by Salton. 


EXPERIMENTAL 


The method used for assaying germicidal activity of solutions in these studies 
was essentially that of Weber and Black (10). Bacterial species tested in- 
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eluded E. coli (H-52), P. aeruginosa (N.T.C.C. 9027) and Micrococcus caseolyti- 
cus (B-1). These three species were selected to provide, representative, widely 
differing types from standpoints of metabolism and QAC resistance. QACs 
studied included alkyl dimethyl ethyl benzyl ammonium chloride (QAC-A), 
alkyl dimethyl benzyl ammonium chloride (QAC-B), para diisobutyl phenoxy 
ethoxy dimethyl] benzyl ammonium chloride (QAC-C) and methyl dodecyl benzyl 
trimethyl ammonium chloride (QAC-D). 

Buffers employed to maintain desired pH levels of germicide solutions were 
prepared by diluting combinations of M H,PO,, and monobasic, dibasic and 
tribasie potassium phosphate in distilled water. Concentration of phosphate 
was purposely maintained at as low a level as would effectively buffer the solu- 
tions and ranged from 0.191 to 0.220 per cent for pH levels from 3.0 to 10.0. 
Buffer solutions were autoclaved for 20 min. at 250° F. and the pH again ad- 
justed with sterile solutions when necessary. The solutions so prepared were 
quite stable. An earlier series of trials at the same pH levels had been performed 
using buffer solutions prepared from boric acid, hydrochloric acid and sodium 
carbonate. 

Final concentration of QAC used in germicidal trials was 50 ppm. A level 
of 50 ppm. was employed in most tests because preliminary trials with concentra- 
tions ranging to 200 ppm. indicated that 50 ppm. best emphasized comparative ger- 
micidal activity of different compounds. Concentrations of 50 to 100 ppm. QAC 
actually are being employed in use dilutions for some germicide-detergent combina- 
tions now prepared for certain dairy sanitation operations. Limited tests also were 
conducted at 200 ppm. In order to minimize shifting of pH of the final mixture 
of germicide and suspension of organisms, the germicide was standardized to 
double the final concentration by dilution with the desired buffer solution. Final 
concentration of QAC was determined by a modification of the method of Harper 
et al. (2). The suspension of organisms was washed with distilled water from a 
bottle slant and diluted in buffer solution to provide the desired turbidity by 
spectrophotometer reading. The organism suspension was adjusted to approxi- 
mately 200 x 10° to provide a plate count of 100 x 10° per milliliter and a germi- 
cide concentration of 50 or 200 ppm. in the final mixture of germicide and or- 
ganism suspension. Turbidimetric adjustment yielded organism counts that 
usually lay within + 10 per cent of 100x 10°. Exposures to germicide in every 
trial included periods of 15, 30, 60, 120 and 300 sec. Controls likewise were ex- 
posed to buffer solutions without germicide for varying periods up to 10 min. to 
establish the effect of pH alone on the test organisms. 

Results shown in figures 2, 3 and 4 are expressed as logarithm of number of 
survivors. In order to condense results, only the 50 ppm., 300-sec. exposure 
counts are plotted for all compounds and organisms. However, the sequence of 
changes occurring with increased exposure is shown for QAC-B and QAC-C to 
illustrate the effect of pH on rate of destruction as the exposure time increased. 
The results presented here represent the second of two trials conducted several 
weeks apart. Results for the two were practically identical. 

Figure 1 shows the control trial in which suspensions of organisms were ex- 
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pH OF BUFFER SOLUTION 


Fie. 1, Effect of 10-min. exposure to various pH levels on plate counts of suspensions of 
E. coli, M. caseolyticus and P. aeruginosa. 


pH OF GERMICDE SOLUTION 

Fie. 2. Effect of pH on rate of destruction of EZ. coli, M. caseolyticus, and P. aeruginosa 

by 50 ppm. concentration of four different QACs with exposure period of 300 see. QACs in- 

eluded are alkyl dimethyl ethyl benzyl ammonium chloride (QAC-A), alkyl dimethyl benzyl 

ammonium chloride (QAC-B), para diisobutyl phenoxy ethoxy dimethyl benzyl ammonium 
chloride (QAC-C) and methyl dodecyl benzyl trimethyl ammonium chloride (QAC-D). 
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posed for a 10-min. period to the same concentration of buffer solution at various 
pH levels as used in germicidal trials. Results indicate no destruction of or- 
ganisms by the buffer salts at various pH levels with the exception of P. aeru- 
ginosa, which showed a slight reduction in numbers at pH 3, but not at higher 
levels. 


0 3 4 5 
PH OF GERMCIDE SOLUTION 


Fie. 3. Effect of pH on progressive rate of destruction of E. coli, M. caseolyticus, and 
P. aeruginosa by exposure to 50 ppm. alkyl dimethyl benzyl ammonium chloride (QAC-B) for 
periods of 30, 60, 120 and 300 see. 


Figure 2 demonstrates the pronounced effect of pH on rate of destruction by 
the four different QACs at 50 ppm. concentration for the 5-min. exposure period. 
In general, P. aeruginosa was destroyed more rapidly at low and M. caseolyticus 
at high pH levels. With the exception of a secondary increase in resistance in 
the region of pH 8, Z. coli responded in much the same manner as M. caseolyticus 
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to change in pH of the germicide. The curves for E£. coli differ from those of 
Salton (10), who concluded that this species exhibited greatest resistance in the 
alkaline range. An important aspect is the fact that the variations shown in 
germicidal activity with change in pH have been consistent in duplicate trials 
made at different times. The general trends shown in figure 2 also are similar to 


LOG. OF NO. OF SURVIVING ORGANISMS 


Fig. 4. Effect of pH on progressive rate of destruction of EZ. coli, M. caseolyticus, and P. 
aeruginosa by exposure to 50 ppm. para diisobutyl phenoxy ethoxy dimethyl benzyl ammonium 
chloride (QAC-C) for periods of 30, 60, 120 and 300 see. 


those obtained with the borate buffer system and by germicide-detergent solutions 
in earlier studies. However, sufficient difference was apparent between the 
studies to suggest that the type of buffer system employed for controlling pH 
of a germicide solution may exert some effect on germicide activity under con- 
trolled conditions. 
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A line might be drawn at the 10* level in figures 2, 3 and 4 to denote approxi- 
mately 99.99 per cent destruction, based on the approximate initial count of 10° 
per milliliter. This enables a comparison to be made of germicidal activity of 
the various compounds in terms of conventional standards. As has been true 
consistently in other trials, the alkyl dimethyl ethyl benzyl ammonium chloride 
(QAC-A) and alkyl dimethyl benzyl ammonium chloride (QAC-B) showed 
greater activity than the other two compounds. The form of the survivor curve 
also seems to be affected to some extent by the nature of the QAC employed. 

E. coli presented a striking example of extreme variation in resistance with 
change in pH. With each of the QACs it exhibited high resistance at a low pH 
followed by a marked susceptibility in the region of pH 7, followed by another 
marked increase in resistance at about pH 8 and another drop at pH 9 to 10. In 
the case of the most active germicide, QAC-A, the same increase in resistance of 
E. coli was evident in trials where exposures for shorter periods of 15, 30 and 
60 see. were used. The micrococcus in a number of trials with both buffer sys- 
tems also tended to show greatest susceptibility in the range of pH 6 to 8, fol- 
lowed by some decrease and then a second increase in susceptibility around pH 
9to 10. P. aeruginosa for the most part showed least resistance to QAC at low 
pH levels, followed by increased resistance as the pH rose. Exceptions to this 
occurred in some trials where a slight increase in resistance occurred near pH 
4 to 6, followed by a decrease again as the pH shifted to the alkaline range. 
Preliminary studies with another strain of P. aeruginosa suggested that indi- 
vidual strain resistance also affects the form of the survivor curve. The other 
strain showed greater susceptibility at low pH levels than did strain 9207, but 
it also showed the same high resistance in the alkaline range. 

Figures 3 and 4 illustrate the shift that occurs in resistance to QAC with 
increase in exposure time. At certain levels of pH, susceptibility increases 
greatly with increased exposure to germicide, and at other levels resistance of 
the cells apparently remains high even though exposure time is increased greatly. 
This latter circumstance probably accounts in part for the exaggerated peaks 
and dips characterizing the resistance of E.coli. The limited studies at 200 ppm. 
germicide concentration with P. aeruginosa and E. coli and QAC-C indicated the 
same trend in results as occurred at the 50 ppm. level. The higher concentration 
of germicide tended to minimize differences in susceptibility to @AC with change 
in pH, but again P. aeruginosa showed greatest susceptibility at low and E. coli 
at high pH levels. 


DISCUSSION 


The effect of pH on QAC action may have considerable practical significance. 
Use of concentrations such as 200 ppm. QAC may minimize to some extent the 
pH effeet. However, where QAC-resistant organisms represent a problem, as is 
the case with species such as P. aeruginosa and P. fluorescens, adjustment of pH 
of the germicidal solution should enable more complete destruction. The Pseudo- 
monas species might be more effectively eliminated by acid preparations and some 
coliform and micrococci by alkaline solutions. Further studies should be under- 
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taken to establish response of other species to the pH factor in QAC action. 
Likewise, further investigation is needed to determine the combined effect of 
factors such as sequestering agents and pH on QAC activity. The marked in- 
erease and decrease with slight changes in pH in these studies may serve to ex- 
plain some discrepancies or skips inherent in many past experiments with QACs. 
The results serve to emphasize the need for careful pH control in critical studies 
on QAC action. 

With the exception of Salton (10) previous investigators generally have at- 
tributed high resistance to gram negative species like P. aeruginosa and P. fluores- 
cens and high susceptibility to the gram positive micrococci. Obviously the pH 
of the QAC germicide solution also must be considered in evaluating such results. 
Most QAC trials in the past have been conducted near neutrality or in the alkaline 
pH range and P. aeruginosa shows high resistance under these conditions. If 
studies on the micrococci in the past had been conducted at lower pH levels, 
greater QAC resistance might have been attributed to these species. The only 
well established characteristic in harmony with pH effect on EZ. coli and P. aeru- 
ginosa is that the coliform species (and possibly the micrococci) presumably 
contain more acid-tolerant and the Pseudomonas species more alkaline-tolerant 
enzyme systems. This circumstance also may be incidental to their response to 
variation in pH of QAC solutions. 

According to Salton (10), both M. pyogenes var. aureus and P. fluorescens 
showed greatest adsorption of a QAC at pH 8.2. Nevertheless, the micrococcus 
was destroyed most readily in the alkaline and the Pseudomonas in the acid pH 
range. Therefore, QAC adsorption by bacterial cells at various pH levels like- 
wise may not explain the pH effect on germicidal activity. However, further 
investigation on this factor might be undertaken under the conditions employed 
in this study. Other factors that may play a role in the pH effect include the 
specific effect of pH on cell permeability and on destruction of essential enzyme 
systems of the organism. Further studies on these are in progress. The pos- 
sible specific effect of pH on activity of the QAC molecule itself must be consid- 
ered. However, the fact that different species elicit a varied response to altera- 
tion in pH points to the bacterial cell as the variable factor in this case. A likely 
possibility is that a combination of the above factors may be responsible for the 
marked variation in germicidal activity of the QACs with change in pH. 


SUMMARY 


Comparative activity of four QACs against M. caseolyticus, E. coli and P. 
aeruginosa was determined at various pH levels ranging from pH 3 to 10. 

M. caseolyticus showed great resistance to QAC action at levels below pH 6 
to 7 and was rapidly destroyed in the alkaline range. LZ. coli was resistant at 
levels below pH 6, was highly susceptible at about pH 6 to 7, and then exhibited 
a second peak of high resistance at about pH 8.0. P. aeruginosa was most sus- 
ceptible to QAC action at low pH levels and showed greatest resistance at pH 7 
and above. 

The variations in resistance of the different organisms, in general, were simi- 
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lar for the four QACs tested. This fact suggests that the marked variation in 
rate of destruction with alteration of pH is due to factors associated with the cell, 
rather than to specific effect of pH on activity of the QAC molecule as such. 
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The absorption of radiant energy from the sun and its destructive effect on 
the food value and on the flavor of milk is well known (3, 4, 7). The colored 
glass and the paper bottle give some protection to milk (6, 9). 

The objective of this study was to determine the protective effect of the ruby- 
colored bottle as compared to others that are now being used for milk. 


PROCEDURE 


Amber, clear and ruby glass bottles holding 250 ml. and a paper bottle holding 
946 ml. were used. Milk obtained from the University herd was pasteurized at 
148° F. for 30 min. and homogenized at 2500 p.s.i. It was cooled over a surface 
cooler. Homogenized milk was used because of its susceptibility to the sunshine 
flavor. 

The criteria used to determine the protectiveness of each container were as- 
corbie acid and riboflavin oxidation and development of sunshine flavor in the 
milk. Ascorbic acid was determined by the method of Bessey (1) and riboflavin 
by the method of Connor and Straub (2). Two experienced persons did the 
organoleptic tests. 

Full bottles of milk pasteurized and homogenized the same day were placed 
side by side in the sunlight between the hours of 11 a.m. and 1 p.m. The periods 
of irradiation were from 10 to 120 min., in 10-min. intervals, for the clear glass 
bottle and from 30 to 120 min. for the amber and ruby bottles. Full bottles of 
milk were used for each time interval and after exposure they were stored in the 
dark at room temperature. After 2 hr., ascorbic acid and riboflavin determina- 
tions were made immediately on all samples and they also were examined for 
flavor. 

The experiments were conducted during February, March and April when 
the cows were barn fed and during June, July and August when they were pas- 
tured. Studies were made with only one type of paper bottle and o» = during 
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the months of July and August and included milk that was as much as 4 days 
old after it was processed. These were the only differences in the glass- and 
paper-bottle experiments. 

Previous workers (3, 5) used broad-band filters to determine the wave- 
lengths of light which might be responsible for the sunshine flavor in milk. 
Therefore, it seemed desirable to investigate the effect on milk of light irradiated 
in narrow portions of the spectrum. For this purpose, a wooden box was made 
and divided into 12 cells. Each cell was lined with aluminum foil and in it was 
placed a 100-ml. beaker filled with milk. Farrand filters, overlapped 0.125 in. 
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Fig. 1. Light transmittance of the amber, clear, and ruby glass bottles. 


with aluminum foil, covered the beakers. The milk did not touch the filters. 
This assembly was placed in the sunlight for periods of 1 to 3 hr. These 12 filters 
have a light transmission range of 425 to 693 mp and each one averaged about 
25 My. 


RESULTS 


Transmittance values for the clear, amber and ruby glass bottles are shown 
in figure 1. The amber glass begins to transmit light at about 450 mp and the 
ruby glass at about 584 mp. The expected values were obtained for the clear 
glass. These measurements were made with a recording spectrophotometer. 

The rates of destruction of ascorbic acid in the three glass bottles are shown 
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Fig. 2. Ascorbic acid destruction in milk in glass bottles exposed to sunlight during 
February, March and April. 
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Fie. 3. Ascorbic acid destruction in milk in different types of bottles exposed to sunlight 
during June, July and August. 
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in figures 2 and 3. Each graph represents an average of seven trials. The 
standard deviation for the curves was + 2.5 per cent. Analysis of variance 
indicated no destruction of riboflavin in the amber and ruby bottle as the mean 
initial and mean final values for riboflavin were 1.68 mg. per liter after 2-hr. ir- 
radiation for milk fram barn- and pasture-fed cows. Figure 4 shows the rate of 
destruction of riboflavin in the clear glass bottle. The standard deviation for 
the curves was + 1.5 per cent. Sunshine flavor developed in the clear and amber 
bottle but was less intense in the ruby bottle during barn feeding, while this 
off-flavor was not found in milk in the ruby bottle during pasture feeding. De- 
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Fig. 4. Riboflavin destruction in milk in the clear glass bottle exposed to sunlight. 


struction of ascorbic acid in the ruby bottle probably is due chiefly to dissolved 
oxygen which also would accelerate destruction in the amber and clear bottles 
(figure 2). 

Ascorbic acid and riboflavin destruction in the paper bottle is shown in 
figure 3 and table 2, respectively. Three per cent destruction of riboflavin at 
the end of 2 hr. is significant, as indicated by t function analysis (¢ = + 0.02). The 
development of the sunshine flavor in the paper bottle is affected by storage. 
When milk in the paper bottle was exposed to sunlight immediately after it was 
pasteurized and homogenized, a definite sunshine flavor developed after 30 min. 
However, when replicate lots of this same milk were held for 1 day or for 4 days 
at 45 + 5° F., no sunshine flavor developed during 2 hr. of irradiation when the 
cows were pastured. Storage trials were not conducted during barn feeding. 

The light transmission of each Farrand filter is shown in table 3. A typical 
sunshine flavor did not develop in milk exposed to the sun through any of these 
filters during 1 to 3 hr. However, there was an air space between the milk and 
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TABLE 1 
Sunshine flavor development in milk in glass bottles exposed to sunlight 
Barn feeding Pasture feeding 
Irradiation 
Clear Amber Ruby Clear Amber Ruby 
(min.) 

0 - - - - 
10 3 - - 1 - - 
20 3 - - 1 ~ - 
30 2 1 + 2 1 - 
60 2 2 1 2 1 - 
90 1 3 2 3 1 - 
120 + 3 2 3 1 - 


a—=absent; +=questionable; 1=slight; 2=distinect; 3 =strong. 


TABLE 2 


Riboflavin destruction in milk in the paper bottle exposed to sunlight 
during July and August 


Riboflavin content after radiation period (min.) of: 


Trial no. 
0 30 60 90 120 
(mg./l.) 
1 1.68 1.72 1.68 1.65 1.70 
2 1.69 1.69 1.64 1.66 1.64 
3 1.54 1.51 1.51 1.48 1.50 
4 1.64 1.64 1.69 1.67 1.65 
5 1.75 1.75 1.77 1.73 1.70 
6 1.69 1.71 1.69 1.65 1.63 
7 1.74 1.76 1.74 1.76 1.72 
8 1.68 1.65 1.68 1.66 1.66 
9 1.70 1.70 1.70 1.74 1.62 
10 1.65 1.63 1.58 1.55 1.50 
ll 1.70 1.70 1.70 1.64 1.64 
Mean 1.68 1.68 1.67 1.65 1.63 
8.D. + 0.016 + 0.020 + 0.020 + 0.023 + 0.022 
Destruction (%) 0 0.6 1.8 3.0 
TABLE 3 


ee Light transmission of the Farrand filters 


Peak wave Half band Peak wave Half band 


length width Transmission length width Transmission 
(mp) (mp) (%) (mp) (mp) (%) 
425 16 28 573 19 36 
459 18 23 610 15 30 
474 13 29 618 12 39 
508 16 26 640 15 36 
533 20 35 $75 14 34 


552 17 36 693 8 37 
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the filter and for this reason these experiments will be repeated, making certain 
that the milk contacts the entire surface of each filter. 


DISCUSSION 


Vitamin destruction and sunshine flavor development in milk in clear and 
amber glass bottles indicate a need for a more protective container. In this 
study, the ruby bottle was the most protective. It gave complete protection for 
ribofiavin during summer and winter and only 5 and 17 per cent destruction of 
ascorbic acid occurred after 1 hr. of irradiation during the winter and summer, 
respectively. The amber bottle also protected against the destruction of ribo- 
flavin during both seasons. There was no sunshine flavor in milk in the ruby 
bottle exposed to sunlight for 2 hr. when the cows were pastured and this off- 
flavor was not consistently observed when the milk was exposed for 30 min. dur- 
ing the barn-feeding season. 

Certain information can be obtained from this work. Until recently (8) the 
effect of feed on the susceptibility of milk to sunshine flavor has not been given 
much consideration. In the past, research during summer months has revealed 
the protective effect of amber bottles and these results have been assumed to be 
applicable to other seasons of the year, but without supporting evidence. The 
sunshine flavor does develop in the amber bottle in milk from barn-fed cows. 

An inhibiting or retarding factor probably is present in milk when cows are 
pasture-fed and it is present in smaller amounts when they are barn-fed. This 
seems to be the most logical explanation for seasonal differences in the develop- 
ment of the sunshine flavor. If this assumption is correct, then isolating and 
identifying this factor offers possibilities in controlling this off-flavor in milk. 

Interesting results were obtained when the milk from barn-fed cows was ex- 
posed to sunlight in the clear glass bottle. Exposure for 10 min. gave a pro- 
nounced sunshine flavor which gradually decreased with time, and after 2 hr. 
there was only a questionable off-flavor. This substantiates the work of Joseph- 
son (4) who obtained similar results by exposing thin films of milk to the sunlight. 
Other supporting evidence is that of Flake et al. (3), who were able to eliminate 
the sunshine flavor in milk by oxidation. Apparently, this flavor is developed 
and subsequently destroyed. 

Aging appears to be a factor in the development of the sunshine flavor in 
milk. It developed in the paper bottle in milk pasteurized and homogenized the 


same day, but if milk was held for 1 day or longer at 45 + 5° F., no sunshine 
flavor developed. 


CONCLUSIONS 


The ruby bottle proved to be the most protective container followed by the 
amber, the paper and the clear glass bottle. 

The feeding regime of cows and aging of the processed milk affects the de- 
velopment of the sunshine flavor. 
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THE IDENTIFICATION OF REDUCING SUGARS IN CHEDDAR CHEESE 
DURING THE EARLY STAGES OF RIPENING 


HAROLD J. FAGEN, J. B. STINE anp R. V. HUSSONG 
Kraft Foods Co. Research Laboratories, Glenview, Ill. 


Babcock et al. (2) studied the influence of sugar on the nature of the fermen- 
tations occurring in milk and cheese. They concluded that the numbers and 
types of bacteria which developed in cheese were closely related to the amount of 
lactose initially present in the curd. 

Until the advent of filter paper chromatography (5), there were no practical 
means available for resolving mixtures of reducing sugars. Any study involving 
the role of sugar in cheese ripening was limited to the measurement of total re- 
ducing sugars, usually reported as ‘‘lactose.’? By means of one-dimensional 
filter paper chromatography, the monosaccharides resulting from the hydrolysis 
of lactose by bacteria have been identified during the early stages of ripening. 
Typical sugar patterns are reported for cheddar cheese made from raw and pas- 
teurized milks. 


EXPERIMENTAL PROCEDURE 


Preparation of cheese extracts. A 50-g. sample of cheese was macerated in a 
Waring blendor for 5 min. with 100 ml. of a 50-50 water-ethyl alcohol mixture. 
After blending, the mixture was filtered through a Whatman no. 1 paper. The 
residue was reextracted in the blendor with another 100-ml. portion of the water- 
aleohol mixture. The combined filtrates were reduced in volume to about 15 ml. 
under an infra red lamp, filtered into a 25-ml. volumetric flask and made up to 
volume with distilled water. 

Chromatographic technic. The solvent system employed was prepared by 
placing 2.5 parts of anhydrous ethyl acetate, 1.0 part of pyridine and 3.5 parts 
of distilled water in a separatory funnel and shaking the mixture thoroughly (4). 
After complete separation, the lower water-rich layer was discarded and a por- 
tion of the upper solvent-rich layer was placed in the bottom of a stainless steel 
tank 16 x 16 x 28 in., lined with large sheets of blotting paper. The remainder 
of the solvent-rich layer was placed in troughs which ran around the inside of 
the tank 0.25 in. from the top. A glass cover was placed over the top of the tank 
and was sealed tightly to the edge with 0.125 in. felt insulating tape. 

The filter paper used for chromatographing was Schleicher and Schuell 589 
White Ribbon, cut into rectangular strips 3.5 x 23 in. The strips were cut so 
that the long axis ran parallel to the watermarks. A penvil line was drawn 
across the short axis of the paper, 4.5 in. from the top. Two pencil marks were 
made on the line about 1.25 in. from each side of the strip. In order to facilitate 
identification, 15 to 20 wl. of a mixture of lactose, galactose and glucose (1 per 
cent in respect to each sugar) were prepared as a standard and spotted with a 
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platinum loop on one of the pencil marks. The cheese extract was spotted next 
to the standard on the other pencil mark. 

After spotting the papers, the strips were placed in the tank and allowed to 
run for 16 hr. The chromatograms were removed from the chamber and com- 
pletely air-dried. The strips then were dipped in a 0.5 per cent benzidine solu- 
tion’ and placed in an oven for 20 min. at 110° C. (3). 


RESULTS AND DISCUSSION 


Typical sugar patterns for cheddar cheese made from raw and pasteurized 
milks are shown in table 1. The milk source for the raw and pasteurized cheddar 
cheese was the same and standard make procedures were used throughout. 


TABLE 1 
Sugar pattern of cheddar cheese made from raw and pasteurized milks 


Reducing sugars Lactose Galactose Glucose 
(%) 
Raw milk cheddar cheese 
After ripening 4.70 Slight + 
Curd after cutting 2.00 + Slight + - 
1 hr. after 1.20 + 
1.09 + + - 
After 2 hr. in press EOE ow 1.02 Slight + - Slight + 
6 hr. in 0.97 Slight + + 
out of press 0.87 Slight + Slight + 
0.46 Slight + + 
19 0.18 + = 
25 d. out of press 0.00 - 
Pasteurized milk cheddar cheese 
Pastourized milk 4.78 - 
Curd after cutting ............ 2.07 + Slight + ~ 
1 hr. after cheddaring ............. 1.61 + ~ - 
After 2 hr. in press ...........0...... 1.06 Slight + Slight + 
After 6 hr. in press ...........ccco 1.00 Slight + + Slight + 
1 d. out of press cneoascnelaiae 0.99 Slight + + Slight + 
0.94 Slight + = 
1D Out OF 0.82 - 
25d. out.af 0.50 + 
39 d. out of press ..... Sencar 0.20 - + = 
G84: out of 0.00 Slight + 


Ineluded in table 1 are values for total reducing sugars calculated as lactose. 
The Munson-Walker general method was followed (1). Pasteurization had no 
effect on the total reducing sugar of the milk. However, during the cheddaring 
and milling of the raw milk cheddar cheese, the total reducing sugar showed a 
significant drop. The quantitative lactose values were essentially the same dur- 
ing the time the cheese was in the press. At 25 days out of the press the cheddar 


2.5 g. benzidine hydrochloride is dissolved in 100 ml. of glacial acetie acid and made up 
to 500 ml. with absolute ethyl alcohol. 
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cheese made with raw milk showed no reducing sugar as measured by the Mun- 
son-Walker method, but 0.5 per cent reducing sugar was present in the cheese 
made from pasteurized milk. 

The qualitative lactose patterns for the raw and pasteurized cheddar cheese 
were identical. In both samples there was a strong positive test for lactose up to 
the time the cheese was pressed, but this sugar was absent at 25 days out of the 
press. During ripening, galactose was present in trace amounts in the cheddar 
cheese made from raw milk. Galactose was not detected in the cheese made from 
pasteurized milk until after the curd was cut. At 25 days the raw-milk cheddar 
cheese showed an absence of galactose, while the cheese made from pasteurized 
milk had traces of galactose at 53 days. There appeared to be no significant 


TABLE 2 
Effect of salt on the sugar patterns of cheddar cheese 


Days out of press 


0 7 14 21 28 35 42 49 56 63 
0.28% salta 
Galactose ......... + - - - 
Glucose .............. - - - - - 
1.40% salt 
Lactose ............... - ~- - 
Galactose .......... + + + + + + Fes 
Glucose ................. - - = = 
1.75% salt 
Lactose ................ + + - - - 
Galactose ........... + + + + + + rs 
2.14% salt 
Lactose ................ + + + + = 
Galactose .......... + + + + + + + + + - 
Glucose ................. - - - - 


@ Original salt content of curd. 


difference in the glucose pattern of the cheese made from raw and pasteurized 
milks, glucose being identified only at the time the curd was in the press and for 
1 day thereafter. 

Data in table 1 indicate that while pasteurization has no effect on the rate of 
lactose hydrolysis by bacteria, the number of organisms capable of utilizing galac- 
tose has been diminished. The appearance of free glucose for a limited time 
during the make indicates that it is the monosaccharide most readily used by the 
bacteria present in normal cheddar cheese. 

Cheese makers recognize the importance of environmental conditions in de- 
termining the breakdown products found in cheese. The inhibiting effect of 
high salt levels on the bacterial flora, resulting in changes in the sugar pattern, 
is illustrated in table 2. The milk used in this experiment was pasteurized and 
the standard make was followed with the exception of varying the amount of salt 
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added to the eurd. Both galactose and lactose disappeared more rapidly at the 
lower salt concentrations, probably because of greater bacterial activity. 


SUMMARY 


A one-dimensional filter paper chromatographic method is described for 
studying the fate of sugars in cheddar cheese. 

Typical sugar patterns for cheddar cheese made from raw and pasteurized 
milks are presented. 

Cheddar cheese made from pasteurized milk contains traces of sugar (galac- 
tose) for approximately twice as long as cheddar cheese made from raw milk. 

Results indicate that pasteurization destroys or inhibits microorganisms 
capable of utilizing galactose. 

By varying the amount of salt added to cheddar cheese during the make pro- 
cedure the normal sugar pattern is altered. 
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CALCIUM METABOLISM IN LACTATING GOATS AS STUDIED WITH 
Ca*® FOLLOWING ORAL AND INTRAVENOUS ADMINISTRATION? 


W. J. VISEK,? L. L. BARNES anp J. K. LOOSLI 
Department of Animal Husbandry, Cornell University, Ithaca, N. Y. 


Only a limited amount of research has been reported relative to calcium 
metabolism of the lactating ruminant as measured with Ca*®. Aten and Heyn 
(3) studied the rate of Ca*® secretion into the milk of a lactating goat following 
subeutaneous injection of a solution of Ca**Cl,. Erf and Pecher (8) gave tracer 
doses of radiostrontium to two dairy cows and followed its rate of secretion into 
the milk. Tracer quantities of radiostrontium and radiocalecium have been shown 
to behave qualitatively the same in other species (10, 14, 25, 26, 27). 

Normal non-pregnant lactating goats were selected for experimentation in 
these studies. Goats offered opportunity of providing pilot information for 
subsequent research with dairy cows without requiring as much radioactive 
material for comparative measurements. Additional advantages were low cost 
and ease of handling. Presented in this paper are.results of experiments showing 
the distribution of Ca*® in the blood, milk, urine and feces as a function of time 
following oral and intravenous administration of single doses of the radioisotope. 
Data also are included to show the effects of stage of lactation on the above dis- 
tribution pattern following oral administration. 


GENERAL METHODS 


All experiments were carried out in an experimental nutrition barn. Rein- 
forced pans of heavy galvanized metal were placed on the barn floor and all 
equipment connected with these studies including the metabolism cages was kept 
in these pans in order to localize the radioactivity. Individual metabolism cages 
were designed to separate the urine and feces as they were voided. All animals 
were confined to the metabolism cages at least 5 days prior to administration of 
the labelled dose. Their legs, necks and underline were closely clipped to reduce 
chances of radioactive contamination. For 2 wk. following dosing, the milk and 
excreta not required for analyses were collected and buried. 

Recommendations of Asdell and Marquardt (2) were followed in caring for 
the animals. Allowances of digestible nutrients for maintenance and milk pro- 
duction were calculated according to the recommendations of Gaines (11). This 
schedule was followed at least 1 mo. prior to administration of the radioactive 
material. The level of feeding was established at least 5 days prior to dosing 
and remained unchanged for the duration of the balance period which followed. 
Hay was chopped and fed after the grain. The animals were fed before milking, 
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taking of blood samples or administration of Ca*®. Tap water containing 0.008 
mg. per cent of Ca was offered twice daily and no record was kept of its consump- 
tion. Refusals of feed were weighed and saved for analyses. Complete Ca and 
P balances were determined for each period with the exception of the first study, 
where only a Ca balance was determined. The first experiment utilized a 12-day 
balance period, and 9-day balance periods were conducted thereafter. Control 
samples of blood were taken 24 hr. prior to dosing, whereas control samples of 
milk, urine and feces represented the 24-hr. period prior to the labelled dose. 
Formaldehyde was added as a preservative to milk and fecal samples, and urine 
was collected in bottles containing HCl and toluene. All samples were refrig- 
erated until dried or until analyses were complete. 

Samples for analyses were dried on a steam bath or in a drying room. After 
drying, they were ashed in a muffle furnace at 550° C. for 8 to 10 hr. When 
necessary, ashing of the residue was completed with a mixture of concentrated 
HNO, and 60 per cent HClO,. The ash was dissolved in 6N HCl, filtered and 
made up to a known volume. Before filtration, fecal samples were treated to form 
insoluble hydrates of the silicates by dissolution in 6N HCl and evaporation to 
dryness. From the ash solution suitable aliquots were taken for Ca and P deter- 
mination and for radioactivity measurements. Total Ca was determined by 
titration of a 30 per cent HClO, solution of the oxalate against 0.01N ceric am- 
monium nitrate, prepared according to the method of Stubblefield (30). P was 
determined colorimetrically by the method of Kitson and Mellon (22), which is 
similar to the technique of Simonsen ef al. (28) for blood P. 

Radioactivity measurements were obtained by dissolving the oxalate precipi- 
tate in a known volume of 0.25N HCl. Aliquots of this solution were transferred 
to tared aluminum-alloy planchets* which first were moistened with a thin layer 
of wetting agent* to facilitate even distribution of the solution. After drying 
under an infra-red lamp, the mass of sample was determined by difference and 
radioactive counts were made with an end-window Geiger-Muller counter having 
a window thickness ranging from 1.5 to 2.0 mg. per em?. Self-absorption cor- 
rections were made according to the method of Henriques et al. (20). Identical 
geometry was maintained for all samples, and the level of radioactivity encoun- 
tered did not require corrections for resolving time. During each day’s count- 
ing, the counting rate was determined at two different times for background and 
once for the decay standard. The decay standard had a counting rate in the 
range of the samples and was prepared from an aliquot of the dosing solutions. 


RESULTS AND DISCUSSIONS 


I. Oral administration. 

Two goats of Toggenburg breeding, Goat I, 2 yr. old and in her 54th day of 
lactation and Goat II, 5 yr. old and in her 39th day of lactation, served as the 
experimental subjects. Their respective initial weights were 99 and 96 lb., and 
these did not change appreciably during the course of the experiment. A first 
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cutting, light clover-mixed hay was fed with a commercial dairy ration containing 
18.1 per cent total crude protein. 

Each animal received by stomach tube 248 ml. of a solution of radiocalcium 
lactate containing 3.75 g. of Ca and approximately 0.6 me. of activity. The 
labelled lactate was prepared by treatment of the chloride with lactic acid. Re- 
moval of the supernatant and reprecipitation resulted in a material which upon 
dissolution in water was sufficiently free of chloride ions. Administration of 
the dose was followed by a 12-day balance period. Samples of blood, milk, urine 
and feces were taken at the times indicated in table 1. 


TABLE 1 
Distribution of Ca45 fed to lactating goats 


Percentage of dose appearing in: 


——— Blood Milk Feces Urine 
Is IIe I II I II I II 
(hr.) 
6 0.20 0.31 0.35 0.25 0.07 0.03 0.03 0.01 
12 053 0.77 543 (1.39 0.07 0.16 0.10 0.16 
24 045 0.23 287 4.97 12.77 18.52 0.13 0.02 
(d.) 
2 0.18 0.13 648 4.93 26.95 39.17 0.06 0.09 
3 0.08 0.10 253 3.00 6.77 9.00 0.05 0.00 
1.08 1.06 546 5.96 0.01 0.02 
5 0.04 0.04 0.60 0.52 145 1.42 0.02 0.01 
6 0.02 0.02 0.34 0.37 0.56 0.66 0.04 0.01 
7 0.01 0.21 0.18 0.54 0.32 0.02 0.01 
0.20 0.16 0.50 0.46 0.01 0.01 
9 0.02 0.005 0.13 0.11 0.18 0.15 0.02 0.01 
RI 0.11 0.08 0.25 0.20 0.02 0.01 
0.08 0.08 025 0.11 0.02 0.00 
12 0.01 0.001 0.07 0.08 0.12 0.16 0.02 0.01 
TOTAL 20.50 17.18 55.94 76.32 0.55 0.37 


aI= goat 1; II = goat 2. 


Presented in table 1 are the data showing the distribution of Ca*® in the 
blood, milk, urine and feces expressed as a percentage of the administered dose. 
According to Dukes (5), goat blood has a specific gravity of 1.062, a packed cell 
volume of 28 per cent and accounts for 6.2 per cent of the body weight. These 
values were employed in calculating the percentage of the dose appearing in the 
total blood from the observed plasma radioactivity. There was activity in the 
blood stream 2 hr. after administration. The peak appears to have been reached 
at 12 hr. However, the percentage of the dose appearing in each 100 g. of milk 
was 1.54 per cent at 12 hr. and 0.41 per cent at 24 hr. for goat I, with corresponding 
values being 0.34 and 0.62 per cent for goat II. Since Ca in milk is derived from 
blood Ca, it would seem that the peak radioactivity in the blood was attained be- 
tween 6 and 18 hr. after dosing if one also considers the milk secretion data. 
Levels of activity approaching background were reached in the blood after the 
fifth day. 
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Goat I produced 17,422 g. of milk in the 12-day period and secreted 20 per 
cent of the radioactive dose in her milk. Respective values for goat II were 
17,846 g. and 17 per cent. Secretion of radiocalcium into the milk was at a 
maximum rate between 12 hr. and 4 days after dosing. Thereafter, very small 
amounts appeared in the milk, with the curve leveling off after the ninth day. 

The total amount of radioactivity excreted in the feces was 56 per cent for 
goat I and 76 per cent for goat II in the 12-day period. Both animals excreted 
only small amounts by this pathway after the fifth day. The magnitude and 
pattern of fecal excretion was similar to that reported for cattle by Hansard 
et al. (18). Both animals were in positive Ca balance. Goat I stored 22.8 g. of 
Ca which constituted 18.4 per cent of her intake, whereas corresponding values 
for goat II were 35.4 g. and 25.5 per cent. Goat I stored 23 per cent of the ad- 
ministered radioactivity and Goat II, 6.1 per cent. 

As table 1 shows, the total urinary excretion amounted to less than 1 per cent 
for either animal. Negligible amounts appeared in the urine following the first 
48 hr. after treatment. 


II. Effect of stage of lactation. 

This phase of experimentation was designed to determine the effects of stage 
of lactation on Ca metabolism as measured by partition of a single dose of Ca*. 
Two grade Toggenburg goats were placed on a diet of high quality, mixed grass 
hay and a grain mixture containing the following ingredients in pounds per ton: 
ground yellow corn 240, ground oats 160, wheat bran 600, corn gluten feed 240, 
cane molasses 100, cottonseed meal 600, ground limestone 35 and ground salt plus 
trace minerals 25. The percentage content of various trace minerals in the salt 
mixture was : Co 0.015, I 0.007, Mn 0.10, Fe 0.07, Cu 0.015 and Zn 0.005. Goat 
43 was 1 yr. old, and goat 61 was 6 yr. old at the beginning of the experiment. 
Their corresponding body weights were 66 and 93 Ib. Throughout the experi- 
ment variations in body weight for either animal amounted to less than 10 
per cent. 

Single doses of Ca**Cl, were given by stomach tube or intraruminal puncture. 
Dates of administration were chosen to coincide with early, middle and late lac- 
tation. Goat 43 was treated 38, 142 and 205 days postpartum and goat 61 at 
19 and 123 days postpartum. Control samples of the blood, milk and excreta 
taken prior to each treatment showed insignificant amounts of activity remaining 
from previous administration. Goat 61 died after the study in middle lactation 
due to peritonitis, which developed from an abscess in the region of an intra- 
ruminal puncture. The data presented for this animal were from samples taken 
3 wk. prior to the onset of symptoms and therefore are considered representative 
of a normal animal. Each dose of radioactivity came from the same stock solu- 
tion of Ca*°Cl,. The doses contained 2.5 g. of total Ca per 100 Ib. of body 
weight, which corresponded to about 1 me. of activity at the beginning of the 
experiment. 

The animals were milked twice daily throughout lactation and received feed 
according tc body weight and production. Nine-day balance periods were con- 
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ducted following each dose of activity. Samples of milk and feces were taken 
to represent 24-hr. intervals during the first 6 days and then composited for the 
7th, 8th and 9th days. Composite urine samples were taken on the 3rd, 6th and 
9th days. Blood samples were drawn at the end of the 1st, 2nd, 3rd, 5th and 
7th days. 

Activity in the blood was plotted as a function of time and the curves were 
similar, showing maximum activity at 24 hr. after treatment in each case. Table 
2 shows the percentage of the dose appearing in the blood stream 24 hr. after ad- 


TABLE 2 
Distribution of Cass fed to lactating goats at different stages of lactation 


Percentage of dose appearing in 


Time after feeding Blood Milk Feces Urine 
61 43 61 43 61 43 61 43 
Early lactation 
Milk produced in 9 d. (g.) 16,254. 5,958. 
0-24 hr.a 0.66 0.41 8.79 1.07 5.16 24.99 
2448 hr. 11.73 0.93 28.93 26.94 
48 hr.—9 d. 9.69 1.19 31.28 16.15 
TOTAL 30.21 3.19 65.37 68.08 0.25 0.77 
Middle lactation 
Milk produced in 9 d. (g.) 3,906. 2,343. 
0-24 hr.a 0.20 0.18 0.36 0.51 0.04 22.36 
24-48 hr. 1.93 0.45 26.57 28.47 
48 hr.—9 d. 2.70 0.48 53.37 8.89 
TOTAL 4.99 1.44 79.98 59.72 0.15 0.44 
Late lactation 
Milk produced in 9 d. (g.) 960. 
0-24 hr.a 0.17 0.26 14.86 
24-48 hr. 0.23 38.13 
48 hr—9 d. 0.33 22.65 
TOTAL 0.82 75.64 0.33 


@ Blood sample taken 24 hr. after dosing. 


ministration. Interestingly, the percentage of the total daily Ca intake fur- 
nished by the labelled dose was greater as lactation progressed, due to lower feed 
intakes. However, it is clearly indicated that the absorption into the blood stream 
decreased with the decline in milk production. This indicates that Ca absorp- 
tion was governed by the needs of the animal. 

According to Greenberg (15) and Verzar (32), Ca and P absorption from 
the alimentary tract is a physical diffusion process through the wall of the tract 
between the contents therein and the blood stream. The concentration of these 
minerals in the alimentary tract and in the blood would regulate their appear- 
ance in the circulation, and increased lactational demands for Ca therefore 
would be met by greater absorption to satisfy conditions of equilibrium. A dem- 
onstration of greater Ca absorption by lactating ruminants coincident with in- 
creased metabolic needs for this element was not found in the literature. Con- 
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sidering the Ca in the milk plus the balance as a measure of utilization, Ellen- 
berger et al. (6,7) presented data showing that the net utilization of Ca by dairy 
cows was greater at high levels of lactation than at lower levels. A tendency of 
high-producing cows to utilize Ca more efficiently than low-producing cows was 
reported by Huffman et al. (21). 

Table 2 presents the percentage of dose appearing in the blood, milk, feces 
and urine at various times. The daily pattern followed closely that in table 1 
and for that reason the data are presented in condensed form. It was of par- 
ticular interest to note that the amount of the administered activity appearing 
in the milk declined as milk production declined. With the exception of goat 43 
in middle lactation, both animals excreted more of the dose in the feces as de- 
mands for lactation became less. The level of excretion in the urine followed 
the level of activity in the total blood. 

Positive Ca and P balances were observed in every case, with the exception of 
a slightly negative P balance (—4.1 g.) for goat 43 in late lactation. Both ani- 
mals stored less Ca and P as lactation progressed. 


III. Intravenous administration. 

Three studies were carried out to obtain data on the fate of Ca as measured 
following intravenous injection of Ca**. Goats 31 and W, grade Saanens, and 
37, a grade French Alpine, were the experimental subjects. Goat 31 was 2 yr. 
old and in her 279th day of lactation at the beginning of the studies. Goats 37 
and W were 4 yr. old and in their 69th and 65th days of lactation, respectively. 
The body weights ranged from 90 to 105 Ib. The hay and grain ration were the 
same as in the stage of lactation experiment, except that goat W received a high 
quality, ladino clover hay instead of the mixed grass hay. Feed allowances were 
calculated according to body weight and production. The amounts of total Ca 
administered with the activity for goats 31, 37 and W were 0.98, 1.68 and 0.84 g., 
respectively. The first two doses each contained 0.5 me. of activity and the latter 
contained 0.25 me. 

Presented in table 3 are the data showing the percentage distribution of the 
radioactivity in the blood, milk, feces and urine. Over 60 per cent of the in- 
jected radioactivity disappeared from the blood stream within 5 min. after in- 
jection. Less than 20 per cent remained at 30 min. and approximately 1 per cent 
remained at 24 hr. These results agree with Whelan (34), Taylor and Fine 
(31), Alleroft (1) and Hansard et al. (17) showing that intravenously injected 
Ca disappears very rapidly from the blood stream. Although Norris and Kisie- 
leski (25), L’Heureux et al. (23) and Wallace et al. (33) have observed consid- 
erable amounts of injected Ca in the soft tissues immediately after injection, it 
has been well demonstrated that the Ca in serum and extracellular fluid under- 
goes very rapid exchange with Ca in the bone (9, 19, 29). 

Goats 31, 37 and W deposited 26, 33 and 32 per cent of their doses in the 
milk, respectively. Corresponding milk production values were 9,773, 9,632 
and 7,613 g. The total Ca in the milk averaged 11.4 + 0.04 g. for the three 
animals. The maximum rate of Ca** secretion into the milk occurred during 
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the first 48 hr. after injection. The percentage of the dose per gram of total 
milk Ca always was higher after intravenous administration than after ingestion. 

Erf and Pecher (8) reported a much smaller percentage of the intravenously 
injected radiostrontium appearing in the milk of dairy cows than was found in 
these studies for radiocalcium in the lactating goat. However, the mass of Ca 
injected in our experiments was much greater on a milligram per unit of body 
weight basis. It also has been shown (26, 27) that radiostrontium does not be- 
have quantitatively the same as radiocalcium in metabolism. 

The amount of activity excreted in the feces was only about half as great as 
was observed after the dose was given orally. It may be noted from table 3 that 
the excretion rate reached a maximum on the second day and the major part of 
the 9-day excretion occurred during the first 4 days. As with urine, much 
higher amounts of activity were voided in the feces toward the end of the 9 days 
following intravenous injection than after oral administration. Goat W ex- 
ereted almost twice as much of her dose in the feces as did the other two goats. 
Her total Ca output in milk and excreta was also about twice as high, although 
her intake was only 11 per cent higher. This animal showed a Ca balance of 
0.0 g. and a slightly negative P balance of —3.6 g. Probably higher concentra- 
tion of Ca in the gastrointestinal contents also contributed to the lower net ab- 
sorption of the labelled Ca in this animal (Bergeim, 4). Goats 31 and 37 stored 
25.5 and 30.8 g. of Ca. Corresponding values for P storage were 12.5 and 
7.4 g. Retention values for the labelled dose were 52, 43 and 22 per cent for 
Goats 31, 37 and W in that order. Goats 31 and 37 showed higher retention than 
was experienced in any of the studies following oral administration. This is in 
agreement with Pecher (26) and Hansard e¢ al. (17). 

Urinary excretion values expressed as a percentage of the administered ac- 
tivity were 2.9, 3.8 and 8.9 for Goats 31, 37 and W, respectively. In each case, 
most of this activity was excreted during the first 18 hr. after injection. As 
would be expected, the Ca*® excretion in the urine was much higher after intra- 
venous than after oral administration. These animals did not excrete as much 
of the dose in the urine as has been reported for other species (13, 14). Govaerts 
(12) obtained evidence that exogenous Ca is excreted in the urine of dogs in pro- 
portion to its concentration in the plasma. Although results reported herein do 
not agree with the data for other species, studies with more animals are needed 


to establish a species difference. 


SUMMARY AND CONCLUSIONS 


In all of the studies involving oral administration of Ca**, the amount of 
radioactivity appearing in the milk was a function of the total amount of milk 
Ca being secreted. It also was interesting to observe that the level of Ca*® ex- 
ereted in the urine followed closely the level of activity in the blood. These re- 
sults are in agreement with the findings of McCance et al. (24) and Hall and 
Lehmann (16), who reported that the level of urinary Ca excretion reflected the 
rate of Ca absorption from the alimentary tract in humans. What influence the 
level of dietary P exerted on the results obtained could not be determined from 


the data. 
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The amount of Ca absorbed from the gastrointestinal tract as measured by the 
level of Ca*® appearing in the blood stream following oral administration was 
related closely to the Ca requirements for lactation. The higher the level of 
milk production, the greater was the percentage of Ca*® present in the plasma 
24 hr. after an oral dose. It is concluded that the rate of Ca absorption in these 
studies was governed by the needs of the animal. 
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Public health officials recently have been confronted with the problem of es- 
tablishing pasteurization requirements for concentrated whole milk. The prod- 
uct is relatively new and no data pertaining to its pasteurization have been 
available. It might be assumed that the survival of bacteria in concentrated 
whole milk is similar to that in ice cream mix, because the two products are similar 
in solids content. However, the differences in the chemical composition and 
physical properties of the two products, especially as regards sucrose content, 
may cause a difference in pasteurization requirements. Fay (1) has presented 
evidence that increasing the concentration of sucrose or glucose increases the heat 
resistance of various bacteria, whereas lactose has no such effect. These obser- 
vations, in addition to the consideration that excessive pasteurization exposures 
may damage the product, justify establishing pasteurization requirements for 
concentrated milk. It is critical, however, that the heat treatment applied be 
the minimum necessary to render it safe from the public health standpoint. 
Studies to provide such data were initiated in this laboratory at the request of 
the United States Public Health Service. 


EXPERIMENTAL 


Concentrated whole milk (3:1) for these studies was furnished by com- 
panies currently processing the product in Chicago, Illinois, Washington, D. C., 
and Wilmington, Delaware. The samples were taken after condensing, but prior 
to pasteurization. They then were refrigerated and air-expressed to this labora- 
tory. Upon arrival, observations were made on temperature, leakage, titratable 
acidity and organoleptic characteristics. Abnormal samples were discarded. 
Milk was obtained on seven different dates distributed over a period of 2 mo. 
All three companies were represented on four of the dates, two companies on one 
date and one company on each of the two remaining dates. 

The concentrated milk was pasteurized at a series of appropriate temperatures 
for each of two holding times. The temperatures required for adequate pas- 
teurization at each holding time were determined by comparing the bacterial de- 
struction at the various temperatures with the destruction obtained in whole milk 
pasteurized at 143° F. for 30 min. and at 161° F. for 15 sec. The temperature 
of 161° F. at the 15-see. holding time for whole milk was based on the HTST 
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pasteurization standard recommended in the new edition of Milk Ordinance and 
Code (2) which is to be published in the near future. Temperature, rather than 
holding time, was varied in these studies because the holding time is sealed in 
HTST pasteurizers, and alternate pasteurization of different dairy products 
ean be accomplished more easily by varying the temperature. 

The survival of a test organism (Micrococcus no. MS18s) was observed for 
each sample of concentrated milk at 140, 143, 146, 149 and 155° F. for the 30-min. 
holding period, and 149, 155, 161, 167 and 173° F. for the 15-sec. holding period. 
With each series, the survivals of the test organism also were observed by tripli- 
cate tests in whole milk obtained from the College Creamery and heated at 143° F. 
for 30 min. and at 161° F. for 15 see. 

The tests were conducted in sterile 120 x 20 mm. serew-cap vials, with the 
serew caps replaced by sterile rubber sleeve stoppers in order to obtain nearly 
air-tight closures. Portions of the different milk samples, 5 ml. in volume, were 
dispensed into the vials by means of a Brewer automatic pipette. The vials of 
milk were subjected to a preliminary pasteurization in a thermostatistically con- 
trolled water bath at 150° F. for 30 min. They then were immersed in ice water 
while the water bath was being adjusted to the temperature required for a given 
test. 

After the water bath attained the desired test temperature, the vials were re- 
placed in the bath, tempered and inoculated with the test organism. To facili- 
tate inoculation, the air pressure in the vials was reduced to that of the atmos- 
phere by inserting, through the rubber stopper, a sterile needle attached to a 
sterile syringe from which the plunger had been removed. The inoculum then 
was introduced through the stopper by means of a tuberculin syringe equipped 
with a 2-in. hypodermic needle. The inoculum consisted of 0.05 ml. of a sus- 
pension of the test organism, prepared as described in a later paragraph. At 
the end of the desired holding period, cooling was effected by injecting into the 
vial 5 ml. of sterile ice-cold water. This means of cooling caused a temperature 
drop of 40° F. in less than 1 see., as measured by a Leeds and Northrup Speedo- 
max Recording Potentiometer. The concentrated milk samples and the whole 
milk checks all were handled in the same way. 

Corresponding to each vial subjected to the procedure just outlined, another 
vial simultaneously was carried through all steps, but omitting inoculation with 
the test culture. These vials provided measures of the spore formers and other 
heat-resistant bacteria which had survived the preliminary and test pasteuriza- 
tions. 

With each series of tests, vials which had been subjected to the preliminary 
pasteurization were inoculated and plated immediately with no subsequent heat 
treatment. Similarly, preliminarily pasteurized vials, neither inoculated nor 
subsequently heated, were plated immediately. These provided measures of the 
inoculation rates and the populations of spores and other heat resistant organisms 
at the beginning of the holding periods. Such vials were observed for both the 
whole and the concentrated milk. 
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All samples were plated on a yeast-extract, NZ case agar (YENZ) medium 
(5) and the plates were incubated at 35° C. for 48 hr. 

The test culture of Micrococcus (MS18s) was a pure strain carried on slants 
of the YENZ medium in 18 x 150 mm. tubes. Transfers were made weekly, in- 
cubated at 35° C. for 24 hr. and stored at 3 to 5° C. These served as stock 
cultures from which test inocula were prepared during the second to eighth days 
(inclusive) of storage. The test inocula were made by inoculating fresh agar 
slants from the stock culture and growing them for 24 hr. at 35° C. The re- 
sulting growth was removed and suspended in 50 ml. of sterile 0.9 per cent 
saline. The suspension was shaken vigorously 100 times, filtered through a 
sterile no. 12 Whatman filter paper, and kept in an ice water bath until a given 
day’s series of tests was terminated. The plate counts of these suspensions were 
approximately 25,000,000 per milliliter. 

The test culture just described was selected because of its high heat resistance. 
In whole milk pasteurized at 143° F. for 30 min., survival was about 20 per cent, 
and at 161° F. for 15 sec., survival was about 30 per cent. This high survival, 
coupled with the use of large inocula in the pasteurization trials, led to substan- 
tial final numbers and minimal sampling errors. 


RESULTS AND DISCUSSION 


The plate counts from the inoculated tubes were corrected for the counts of 
spore-formers and other heat resistant flora obtained from the corresponding 
non-inoculated tubes. All counts of the pasteurized vials then were converted to 
per cent survival figures. Thus, there were available, for each sample of con- 
centrated milk, per cent survival data at five temperatures at two holding times, 
and, corresponding to each series, data on survival in whole milk at 143° F. for 
30 min. and at 161° F. for 15 see. The per cent survival figures were converted 
to logarithms for summarization and analysis. These data are given in tables 
land 2. 

For each sample of concentrated milk at each holding time, an estimate of 
the temperature required to effect adequate pasteurization was obtained by linear 
interpolation. The following formula was used: 


T, = — Tip. (T2—-T1) pw 
Pi — P2 
In the formula: 7, = estimated temperature required for pasteurization of con- 
centrated milk. 17, = temperature which yielded a survival rate just above that 
observed in the corresponding whole milk test. = temperature which yielded 
a survival rate just below that observed in the corresponding whole milk test. 
Pw = logarithm of the per cent survival observed in whole milk at the appropriate 
temperature and holding time. , = logarithm of the per cent survival observed 
i concentrated milk at 7,. p. = logarithm-of the per cent survival observed in 


796 


concentrated milk at 
sample at the 30-min. holding time: 


Concentrated milk 


C. A. GROSCHE ET AL 


For example, the following data were obtained on one 


Whole milk 


Temperature (° F.) 140 143 146 149 155 143 
Survival (log %) 1.69 1.43 0.94 -044 -1.06 1.32 
Applying the formula, yields: 

T. _146 (1.43) 143 (0.94) — (146-143) (1.32) _ 143.7° 


1.43 — 0.94 


as the estimate of temperature required. 


TABLE 1 


The survival of Microcroccus sp. (no. MS18s) 


in concentrated (3:1) milk pasteurized at 


different temperatures for 30 min. and in whole milk at 143° F. for 30 min. 


Logarithm of per cent survival 
sample 6-21 6-29 Of 
Chie. 1.39 1.69 me 1.85 1.51 oS. 
é Wash 1.78 1.69 1.58 1.56 ole 1.97 
Cone. milk Wil. 1.21 1.58 1.58 1.58 
140° F. 
Ay. 1.46 1.65 1.59 1.57 1.86 1.51 1.97 
Chie. 0.85 1.22 1.44 al 1.66 1.02 a 
Wash 0.93 1.43 1.40 1.67 
Cone. milk Wil. 1.40 1.41 0.13 
143° F 
Av. 0.51 1.35 1.42 0.19 1.68 1.02 1.67 
Chie. -0.81 0.16 0.58 m wi .. 
Wash. -0.40 0.94 0.56 1.28 
Cone. milk Wil. 66 6m @ 
146° F. he 
Ay. ~0.56 0.55 0.59 -0.17 0.94 -0.74 1.28 
149° F. Wil. —0.10 —0.96 —0.96 —0.17 
0.49 -107 083 -1.05 
Chie. -1.70 -1.01 
Wash -1.06 -152 -1.05 
Cone. milk 
155° F. Wil. —0.39 -1,22 -1L7 0 —0.21 
Ay. -137  -1.58 
Whole milk 143° F. 1.27 1.32 1.31 1.31 1.30 1.28 1.31 
Temperature required for 
cone. milk (° F.) 140.6 143.1 1484 1406 1445 1414 145.8 


The formula is based on the assumptions that the relation between the loga- 
rithm of per cent survival and temperature is nearly linear in the region of in- 
terest, and that the temperature differentials are small relative to experimental 
errors. Both assumptions suited the present data satisfactorily. 
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The estimated temperatures were subjected to analysis of variance. This was 
done for each holding time separately. For both holding times it was found that 
the major variation in the data occurred between dates. The variation between 
cities, both on the same date and on the average over the whole experiment, was 
negligible. Date of test accounted for 80 to 90 per cent of the total experi- 
mental error. 


TABLE 2 


The survival of Micrococcus sp. (no. MS818s) in concentrated (3:1) milk pasteurized at 
different temperatures for 15 sec. and in whole milk at 161° F. for 16 sec. 


Logarithm of per cent survival 
sample 621 629 7-1 %%17 %%86 8&7 
Chie. 2.07 1.78 1.88 1.89 
Wash 2.13 1.78 1.88 1.70 1.96 
Cone. milk 
149° F. Wil. 1.96 1.87 1.88 1.79 1.90 
Av. 2.05 1.81 1.88 1.75 1.91 1.83 1.96 
Chie. 2.05 1.74 1.81 
; Wash. 1.95 1.74 1.81 1.66 —_— 1.87 
Cone. Wil. 1.92 1.81 1.81 1.73 
155° F. 
Av. 1.97 1.76 1.82 1.69 1.85 1.73 1.87 
Chie. 1.99 1.66 1.74 1.67 
Wash. 1.73 1.68 1.63 1.61 1.81 
Wil. 1.81 1.63 1.63 1.65 
161° F. 
Av. 1.85 1.66 1.64 1.63 1.75 1.67 1.81 
Chie. 0.94 1.12 ma 
Wash. 1.07 1.21 1.09 0.97 1.40 
Cone, milk Wil. 1.06 1.06 1.07 0.95 
167° F. 
Ay. 1.02 1.13 1.08 0.96 1.17 0.28 1.40 
Wash. -0.85 1.51 105 1.23 
173° F. 
Av. ~0.51 1.17 1.05 -0.18 0.48 -1.00 1.23 
Whole milk 161° F. 1.52 1.52 1.51 1.55 1.51 1.51 1.47 


Temperature required for 
cone. milk (° F.) 163.4 162.6 162.4 161.7 163.4 161.5 166.0 


Because of their lack of importance as sources of variability, cities were dis- 
regarded in the final analysis. Therefore, the logarithms of the per cent sur- 
vivals in the sample from the three cities at each temperature were averaged for 
each date (tables 1 and 2). From these averages the temperatures required on 
each date were computed, using the formula previously described. The figures so 
obtained are shown in the bottom lines of tables 1 and 2. 

To arrive at a single estimate of the pasteurization temperature for, each 
holding period, the temperatures required at each date for that holding period 
were averaged. The standard errors of these estimates were computed by the 
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usual method from the daily temperatures required (bottom lines of table 1 and 
2). Finally, ‘‘tentatively reeommended’’ temperatures were computed. This 
was done by adding to each over-all average the product, standard error x Stu- 
dent’s t. Student’s one-tailed t (3) taken at the 5 per cent level was used. The 
estimated pasteurization temperatures, their standard errors and the “‘tenta- 
tively recommended’’ temperatures are shown in table 3. 

Considering the observed averages and their standard errors, there is little 
reason to believe that the temperature requirement for concentrated milk at the 
30-min. holding time is different from that for whole milk, 7.e., 143° F. At the 
15-see. holding time, however, the temperature requirement may be higher. On 
the other hand, the observed averages easily could have been obtained if the 
temperature requirements for concentrated milk actually are somewhat higher 
than those for whole milk at both holding times. In view of this fact, it is rea- 
sonable tentatively to recommend higher temperatures for pasteurizing concen- 
trated milk than are recommended for whole milk. The figures shown in table 3 


TABLE 3 


The temperatures required to pasteurize concentrated milk (3:1) at holding times of 30 min. 
and of 15 sec. 


Temperatures required (° F.) 


Holding time Observed Standard Tentatively 
av. error recommended? 
30. min 142.8 0.8 144.3 
15 see. 163.0 0.6 164.1 


@ Tentatively recommended until further data are obtained. 


lead to tentative recommendations for concentrated milk of 144 to 145° F. for 
30 min. and 164 to 165° F. for 15 see. Whether or not these tentative recom- 
mendations should be reduced can be determined only after further data are ob- 
tained by this or other laboratories. 

Because of a high solids content, one might expect the temperature require- 
ments for concentrated milk to be considerably higher than those observed in this 
study. In fact, it might be expected that the temperatures required would ap- 
proach the standards for ice cream mix (155° F. for 30 min. or 175° F. for 25 
sec.). The present data show clearly that the temperatures required for con- 
centrated milk are far below those stipulated in the standards for ice cream mix. 

There may be a number of explanations for the observation that the pas- 
teurization requirements for concentrated milk are more similar to those for 
whole milk than they are to the standard for ice cream mix. Fay (1) observed 
that in a broth menstruum high concentrations of lactose afforded no protection 
from heat to Escherichia coli, whereas the same concentrations of sucrose and 
glucose increased the survival of this organism very markedly. Thus, the high 
concentration of lactose in concentrated milk could not be expected alone to in- 
crease the pasteurization requirements of this product. It also is possible that 
the low pH of concentrated milk, and/or certain other properties developed dur- 
ing its manufacture, could overcome any protection afforded by the high solids. 
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On the other hand, the standards set for ice cream mix are no doubt more stringent 
than necessary. Recent experiments have shown that a 30-min. holding time is 
about six times longer than necessary to destroy phosphatase (4) or Micrococcus 
freudenreichii (5) in ice cream mix if pasteurized at 155° F. 


SUMMARY 


Using a pure culture of a Micrococcus (MS18s) as the test organism, the pas- 
teurization requirements for concentrated whole milk (3:1) were studied. A 
temperature of 142.8° F. for 30 min. and one of 163.0° F. for 15 see. were found 
to effect bacterial destructions in concentrated milk equivalent to those observed 
in whole milk pasteurized, respect*vely, at 143° F. for 30 min. and 161° F. for 
15 see. Because of the experimental errors involved, however, it was recom- 
mended that 144 or 145° F. be used at the 30-min. holding time, and 164 or 
165° F. be used at the 15-see. holding time, until further data are obtained. 
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ASSOCIATION ANNOUNCEMENT 


After Oetober 15, 1952, all manuscripts submitted for publication in the 
JOURNAL OF Dairy SCIENCE are to be sent to Dr. P. H. Tracy, Department of 
Food Technology, University of Illinois, Urbana, Ill. Dr. Tracy assumes the 
editorship beginning with Volume 36, which will appear during 1953. 
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ANIMAL DISEASES 
W. D. POUNDEN, SECTION EDITOR 


404. Studies on the experimental treatment of 
bovine brucellosis. N. B. Kinc, W. G. VENZKE 
and B. H. Epcincron. Ohio Agr. Expt. Sta., 
Columbus. Am. J. Vet. Research 13, 47: 152- 
157:. Apr: 1952. 

A group of 16 cattle which had been naturally 
and experimentally infected with Br. abortus 
and had high blood titers as well as viable Br. 
abortus in their milk was used to test the follow- 
ing types of treatment. Sodium sulfadiazine was 
given intravenously alone and with bovine blood 
plasma. Colloidal manganese was given in- 
travenously alone and with sulfadiazine. Sulf- 
adiazine was given intravenously and orally along 
with streptomycin intramuscularly and intramam- 
mary. Aureomycin and streptomycin were given 
intravenously. Colloidal Mn had no effect what- 
ever on the infection. In all cases except those 
using Mn alone, the milk was free of Br. abortus 
for 2-10 d. following treatment It was not clear 
whether this effect was due to inhibition of the 
organisms in vivo or in vitro, since bacteriostatic 
levels of the drugs were found in the milk. In- 
fection recurred in all of the animals but 2, and 
these were observed only 16 d. post-treatment 
and so were not considered cured. No apparent 
effect of any of the treatments on the blood 
agglutination titer was noted. E. W. Swanson 


405. Vibriosis in cattle. W. N. Piastrince, L. 
F. Wiiuams, H. L. Eastersrooxs, E. C. 
Wa ker and R. N. Becca, Storrs (Conn.) Agr. 
Expt. Sta. Sta. Bull., 281. 1951. 

Sixty-four publications relating to Vibrio fetus, 
a cause of abortion and delayed conception in 
cattle, are reviewed. Original work reported 
deals with many phases of the problem among 
which are included: (a) Cultural requirements 
of Vibrio fetus; (b) the blood serum agglutina- 
tion test and its use in the detection of vibriosis; 
(c) the vaginal mucous agglutination test and 
its use in the diagnosis of vibriosis; (d) long 
term observations on the course and effect of 
vibriosis in 5 herds; (e) evidence that delayed 
conception is as, or more, important than abortion 
when analyzing the economic effect of the disease 
upon a herd; (f) establishment of infected semen 
and contact as 2 possible methods of trans- 
mission. Contact transmission is proposed as 
possibly being from vulva to vulva; (g) vaccinal 


studies in which killed vaccines proved unsuccess- 
ful but live vaccines offered some hope for 
success; (h) reports that intrauterine infusions 
with streptomycin, terramycin or aureomycin 
are of considerable value in overcoming “ap- 
parent sterility” associated with vibriosis. 
H. L. Easterbrooks 

406. A severe mastitis problem associated with 
Cryptococcus neoformans in a large dairy herd. 
W. D. PounpeN, J. M. AmpBerson and R. F, 
Jarcrr, B.A.I., Animal Disease Sta., Beltsville, 
Md. Am. J. Vet. Research, 13, 47: 121-128. 
Apr., 1952. 

A mastitis with serious mammary swelling 
and edema developed in a 235-cow dairy herd 
and the principal organism isolated was Crypto- 
coccus neoformans. 106 of the cows had been 
infected in 1 or more quarters in 1 yr. The 
source of the infection could not be determined. 
The symptoms differed from usual acute mastitis 
by gradual increase in swelling over 1-2 wk. 
resulting in intense fullness of the glands and 
edema; the secretion became very viscous. There 
was a general lack of serious toxemia. Not all 
of the quarters which became infected developed 
acute symptoms. Treatment by udder infusion 
usually was ineffective in advanced cases because 
of the extreme swelling. Treatments with peni- 
cillin, streptomycin, aureomycin or bacitracin 
and combinations of these were ineffective in 
vitro as well as in vivo. Sulfa drugs, chloromy- 
cetin and terramycin likewise were non-inhibitory 
to the growth of this yeast-like organism. 
Merthiolate caused a marked inhibition of 
growth and was used in some treatments with 
good results. An attempt was made to infect a 
calf by oral, subcutaneous and intravenous routes, 
all with negative results. The infection in 9 
cows examined at slaughter was found to be 
only in the udder and supramammary lymph 
glands. The organism was easily killed by 
pasteurizing as well as storage at -10° F. 

E. W. Swanson 
407. Das Verhalten katarrhalisch erkrankter 
Euterviertel nach Tilgung der Euterinfektion 
(The behaviour of udder quarters after the 
elimination of an infection). Th. Schuerch. 
Schweiz. Milchzeitung, 16, 2: 85. 1951. 

Milk of 38 inflamed quarters of 20 cows was 
examined. Indication about inflammation was 
given by measuring the sediment, by the thybro- 
mol and catalase tests and by bacteriological 
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examination for staphylococci. Then the quar- 
ters were treated with penicillin and the milk 
was again examined. In all 38 quarters the 
staphylococcal infection was eliminated by the 
penicillin treatment. Nevertheless, only one- 
third of the milks became normal, two-thirds 
continued to have excessive amounts of sediment 
and too high catalase numbers. 

Udder inflammation (Eukerkatarrh) does not 
depend on infection alone. An injury of the 
udder tissues is a prime factor which can for 
itself cause changes in milk (“aseptic udder 
catarrh”’ ). 

More important than the treatment of chronic 
udder inflammation is its prevention by careful 
milking so as not to cause any injury to the udder 
tissues. A. Fasler 


CHEESE 
A. C. DAHLBERG, SECTION EDITOR 


408. Etudes sur des fabrications accidentelles de 
Camemberts rouges (Studies on the accidental 
manufacture of red camembert cheeses). J. 
Jacguet and O. Sainer. Lait, 32: 129-135. 
Mar.—Apr., 1952. 

A study was made of camembert cheeses which 
exhibited a color defect. The discoloration, evi- 
dent when the cheeses were cut open, ranged 
from yellow, brown to red. All cheeses exhibit- 
ing the defect were cured in the same cave. The 
rooms in which the cheese were cured smelled 
strongly of ammonia. 

Study of the types of nitrogen present in these 
cheeses revealed that amonia, nitrite and nitrate 
nitrogen were all significantly higher than normal. 
Careful study of possible mechanisms involved 
in the defect pointed logically to a Millon-type 
reaction involving tyrosine. The study did not 
reveal the origin of the nitrates. However, it is 
suggested that wash water or contamination of 
salt used in processing of the cheese might serve 
as sources. The following conditions were 
found essential to development of the defect: 
(a) progressive reduction of nitrates to nitrites, 
(b) strong hydrolysis of casein resulting in the 
liberation of tyrosine, (c) the formation of 
ammonia which favors conversion of tyrosine to 
the colored nitroso and azoic derivatives. 

S. Patton 


409. Process of making cheese. C. Toone (as- 
signor to Armour and Co.). U.S. Patent Reis- 
sue 23,489. 4 claims. Apr. 29, 1952. Official 
Gaz. U. S. Pat. Office, 657, 5: 1324. 1952. 

U. S. Patent 2,520,183 (J. Dairy Sci. Abs. 779, 
1950) has been revised to eliminate the reference 
to holding milled curd in the vat. R. Whitaker 


DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 


410. The bacterial counts on pasteurized milk 
held in refrigerated storage. C. W. CHarFEE, 
Dept. of Farms and Mkts., Hartford, Conn J. 
Milk & Food Technol., 15: 103, 114. May—June, 
1952. 
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There was no appreciable increase in the 
bacterial count of good quality pasteurized milk 
even after 120 hr. of shortage under satisfactory 
refrigeration. Poor quality pasteurized milk 
showed marked deterioration under the same 
time and shortage conditions. H. H. Weiser 


411. Observations on the colony productivity 
of six milk plating media. Vivian Pessin, Dept. 
of Health, and A. H. Rosertson, Dept. of 
Agriculture and Markets, Albany, N. Y. J. Milk 
& Food Technol., 15: 104-109. May—June, 1952. 

Colony productivities of 6 plating media and 
1 synthetic culture medium have been compared. 
Productivities are identical on Difco’s Tryptone 
Glucose Extract Agar, dehydrated no. B 2 and 
BBL’s Trypticase Glucose Extract Agar, dehy- 
drated no. 183-B. It is hoped that further studies 
may show that the currently approved culture 
media may be substituted for the 2 milk-contain- 
ing media described above. 

The synthetic plating medium consisting of 
18 amino acids, 8 vitamins, 3 purine bases, 2 
pyrimidine bases, KH,PO,, MgSQO,, glucose 
and agar has shown an average colony count 
around 95% of that obtained on Difco’s Tryptone 
Glucose Extract Agar, dehydrated no. B 2. 

H. H. Weiser 


412. The Smith 0.01 ml. syringe in the micro- 
scopic grading of milk. R. W. Newman, Cal. 
Dept. of Agr., Sacramento. J. Milk & Food 
Technol., 15: 101-103. May-June, 1952. 

The microscopic grading of milk by the use 
of this syringe has been proposed as a means of 
eliminating errors in sampling milk by the con- 
ventional 0.01-ml. pipette. The California Dept. 
of Agr. has adopted this procedure as being a 
revolutionary improvement in accuracy. 


H. H. Weiser 


413. Inverkan av Arombakterier Pa Herrgard- 
sost (The influence of aroma bacteria on Herr- 
gard cheese). P. Swartiinc and B. LinpGREN, 
State Dairy Research Sta., Alnarp, Sweden. 
Meddelande no. 36. 1952. 

Each starter culture used contained strains 
of Streptococcus diacetilactis, Leuconostoc cit- 
rovorum and Betacoccus cremoris a. The aroma 
bacteria in the culture either partly or completely 
were responsible for the gas production necessary 
for the normal texture (eye formation) of the 
cheese made. The organisms also favorably 
influenced the body, flavor and aroma of the 
cheese. They also helped govern the normal 
ripening. It was not determined if the bacteria 
had a part in the development of the nut-like 
flavor of Herrgard cheese. It was not shown if 
certain species of aroma bacteria were superior 
to others. There appeared to be no particular 
difference. The organisms in a culture should 
possess a high biochemical activity such as the 
power to ferment citric acid and break down 
protein. They must not lose their effectiveness 
on sub-culturing, during the cheesemaking 
process or during ripening. G. H. Wilster 
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414 Systematic testing of inhibitory substances 


in milk. G. J. SmverMANn and F. V. Kostkow- 
sky, Cornell Univ., Ithaca, N. Y. J. Milk & 
Food Technol., 15: 120-124, 137. May-June, 


1952. 

The disc assay method using Bacillus subtilis 
as the test organism for the detection of peni- 
cillin in fluid milk has been proposed. Penicil- 
linase discs enhance the value of this method for 
penicillin. The disc procedure as outlined has 
certain disadvantages because of the presence of 
other inhibitory substances present in milk and 
the lack of sensitivity by the test organism toward 
these substances. 

The starter activity test showed promise for 
detecting inhibitory substances in milk after a 
4-hr. incubation period. H. H. Weiser 


415. Action of alkyl-dimethyl-benzyl ammonium 
chloride on some organisms causing bovine 
mastitis. F. S. Yancey and J. E. Faser, Jr., 
Univ. of Maryland, College Park. J. Milk & 
Food Technol., 15: 62-67. Mar.—Apr., 1952. 
Prepared dilutions ranging from 1:1,280 to 
1:5,120 of an aqueous solution of benzalkonium 
chloride were not effective in disinfecting the 
surfaces of stainless steel carriers which were 
contaminated with milk films containing Micro- 
coccus pyogenes var. aureus 209, Escherichia 
coli and Streptococcus agalactiae M,-31. Boil- 
ing water rinse for 5 sec. was more effective in 
destroying the test organisms than a 10-min. rinse 
(20° C.) solution of benzalkonium chloride. 
Cold aqueous solutions of this compound may be 
used satisfactorily as a disinfecting rinse for dairy 
farm equipment against mastitis organisms pro- 
viding a boiling water rinse is used in the final 
step in sanitizing the equipment. H. H. Weiser 


DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 


416 Oily flavour in butter and a,$-unsaturated 
carbonyl compounds. U. Hoim, G. Wope and 
K. E. THomé. State Dairy Research Sta., Al- 
narp, Sweden. Meddelande no. 37. 1952. 

The investigators were of the belief that the 
incidence of oily flavor in butter made from 
ripened cream was related to an oxidation of the 
unsaturated acids contained either in the butter- 
fat or lecithin. 

A method for determining 4,$-unsaturated 
carbonyl compounds in butter was devised. It 
was shown that oily-flavored butter from ripened 
cream contained a,8-unsaturated carbonyl com- 
pounds, and butter with no oily flavor did not 
contain the compounds. The content of a,$-un- 
satured carbonyl compounds in_ oily-flavored 
butter was related to the intensity of the off- 
flavor. In butter that showed oily flavor after 
storage, the intensity of the off-flavor and the 
content of a,8-unsaturated carbonyl com- 
pounds increased continuously and in parallel. A 
concentrate of the flavor substances from oily 
butter contained a,8-unsaturated carbonyl com- 
pounds. 

When neutralization of the butter moisture by 
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a special salt to pH 5.5-6.6 prevented the de- 
velopment of oily flavor, no a,B-unsaturated car- 
bonyl compounds were formed, but when neutral- 
ization did not prevent the development of the 
off-flavor, then the compounds were formed in 
the same way as in non-neutralized butter. The 
peroxides in different butters showed different 
rates of disintegration, measured as the relation 
between the amount of «,8-unsaturated carbonyl 
compounds and peroxide value at a certain point 
of time and, in one instance, the rate of disinte- 
gration was related to the conditions under which 
the butter was manufactured. G.H. Wilster 


417. Bestemmelse Af Ostens Proteolytiske 
Spaltningsgrad Med Saerligt Henblik Paa For- 
moltitreringen (Determination of the degree of 
proteolytic decomposition in cheese with special 
reference to the formol titration). M. T. Sope 
MocENSEN Yearly Report of the Alnarp, Swe- 
den, Agr., Dairy and Research Sta., pp. 281-436. 
1947, 

The following standard method for determining 
the content of soluble N in cheese was developed: 
10 g. cheese is dissolved by 40 ml. of 0.50 M 
tertiary sodium citrate at 40—-50° C. and the solu- 
tion made up to 200 ml. with water. 100 ml. of 
the citrate solution is precipitated, while vigor- 
ously shaking, with 10 ml. 1.41 N HCl and then 
the solution made up to 125 ml. This is fol- 
lowed by filtration, and N is determined by the 
Kjeldahl method, using 25 ml. of the clear para- 
casein-free HCl-filtrate, corresponding to 1.0 g. 
cheese. By calculating the obtained contents 
of N as percentage part of the total amount of 
N, as found by the Kjeldahl method of 10 ml. 
of the citrate solution, the amount of soluble N 
in cheese can be ascertained. This may be 
indicated by the symbol % N,. 

A standard method of determining the intensity 
of the proteolytic decomposition developed was: 
25 ml. HCI-filtrate is neutralized by 2.60 ml. N 
NaOH; by careful addition of 0.1 N NaOH, the 
pH is adjusted to 8.30. The adjustment of pH 
is made colorimetrically by means of a solution 
of fuchsine with the same color as a solution of 
borate buffer of pH 8.30; 5 drops of 2% phenol- 
phthalein/25 ml. HCl-filtrate serve as indicator. 
After addition of 10 ml. 40% formalin and 2 
drops of the solution of phenolphthalein, titrate 
to the control color, and by the subtraction of 
the amount of base consumed by the formalin 
up to pH 8.30, the formol titer at pH 8.30 is 
obtained, this latter being calculated as a percent- 
age of the total amount of N in the cheese; it is 
represented by the symbol % Nr,. Ne, is an 
expression of the contents of free +—RNH, groups 
in cheese and likewise represent the contents in 
the cheese of ammonium ion which can be titrated 
by formol. If a correction for this latter is 
wanted, the ammonia must be determined directly 
in the cheese, and 90% ammonia-N should be 
subtracted from % Nr,, as approximately 10% 
of the ammonium ion is titrated away at pH 8.3 
(the pH of adjustment). Thus the reduced for- 
mol titration method differs from former formol 
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titrations by the omission of the traditional aera- 
tion of ammonia before titration. The investiga- 
tion showed that ammonia does not occur in so 
large quantities in cheese that it is capable of 
reducing the total formol titer, as can be demon- 
strated in stronger ammonia solutions of amino 
acids. 

The possibility of determining the intensity of 
the proteolytic decomposition of cheese on the 
basis of the optical activity of the HCl-filtrate 
was studied. The principle is the knowledge that 
in the course of proteolysis, solutions of proteins 
with pronounced specified laevo-rotation show a 
lowering in the laevo-rotation as a consequence 
of the lower laevo-rotatory activity of the released 
amino acids. A statistical examination of the 
connection between the specific rotation, [4], of 
N:6.37 in HCl-filtrate and the contents of the N 
non-precipitable by phosphotungstic acid (% Ny) 
resulted in the expression: 

=—92.11°+2.152x% 

The correlation coefficient of — 0.73 shows less 
strength of relation and, consequently, the polari- 
metric method can only with approximation be 
taken as an expression of the intensity of the 
proteolytic decomposition. In orientating ex- 
aminations the method can be of service because 
of its rapidity and simplicity, especially for 
highly ripened cheese, where [a], is more strictly 
dependent upon N, than in mild cheese. 

G. H. Wilster 
418. Determination of the content of cal- 
cium ions in milk ultrafiltrate. W. T. G. M. 
Smeets and L. Seexies. Nature, 169, 4306: 
802. 1952. 

Calcium ion concentration is measured by a 
color change of the ammonium salt of purpuric 
acid, at pH 7.5, from red-violet to yellow-orange. 

R. Whitaker 
419. Conservation des échantillons de lait-vue de 
leur analyse (Conservation of milk samples with 
a view to their analysis). M. Vorer. Lait, 32: 
169-172. Mar.—Apr., 1952. 

Experience with various methods of conserving 
milk samples at a municipal laboratory are re- 
viewed. Particularly recommended is a method 
which involves treating the sample with an anti- 
septic, followed by heating in an oven at 65-70° 
C. for 6-12 hr. A saturated solution of salicylic 
acid in amyl alcohol and naphthalene are recom- 
mended as antiseptics in this method. 

S. Patton 
420. Blei, Kupfer und Zink in Trink- und 
Brauchwasser (Lead, copper and zinc in water.) 
O. Horc. and H. Sutser. Mitt. Leb. Hyg., 42, 
4: 286. 1951. 

The determinations are made with dithizon, 
which gives coloured complex compounds with 
metals. Extraction with CCl, at different pH 
and the use of KCN, Na,S,O,, etc. to mask the 
other ions allow the determination of each metal 
in the presence of great amounts of other metals. 
Quantities of these 3 metals, found in several 
types of water are shown; no sample contained 
toxic quantities of metal. A. Fasler 


421. Sediment test card. J. G. Lucas. U. S. 
Patent 2,597,350. 4 claims. May 20, 1952. 
Official Gaz. U. S. Pat. Office, 658, 3: 783. 1952. 
A card for holding sediment tests, in which the 
filter medium is part of the card, is described. A 
transparent window arrangement is provided for 
permanency. R. Whitaker 


DAIRY ENGINEERING 
A. W. FARRALL, SECTION EDITOR 


422. Can dumping apparatus and the like. V. 
ScuwarzkopF (assignor to The Lathrop-Paulson 
Co.). U.S. Patent 2,598,193. 4 claims. May 
27, 1952. Official Gaz. U. S. Pat. Office, 658, 4: 
1085. 1952. 

Two dump tanks and 2 can upending devices 
are provided on each side of a conveyor for 
emptying cans of milk at a milk plant. The 
empty cans are moved away on another conveyor. 


R. Whitaker 


423. Apparatus for treating liquid dairy prod- 
ucts. F. G. Cornett, Jr. (assignor to Chester- 
Jensen Co.). U.S. Patent 2,594,399. 5 claims. 
April 29, 1952. Official Gaz. U. S Pat. Office, 
657, 5: 1358. 1952. 

A shaft-sealing or stuffing-box arrangement is 
described for the agitator shaft on milk tanks, 
vats, etc. The seal will remain tight even if the 
equipment is operated under vacuum or pressure. 


R. Whitaker 
424. Ice cream whipping machine. M. C. 


Lurerick (assignor to Arden Farms Co.). U.S. 
Patent 2,600,009. 3 claims. June 10, 1952. 
Official Gaz. U. S. Pat. Office, 659, 2: 488. 1952. 
An apparatus softens hard ice cream to produce 
a product similar to ice cream when drawn fresh 
from the freezer. It consists of a vertical cylin- 
drical chamber containing on the bottom a 
rapidly rotating disc, equipped with several up- 
right tines. The serving of hard ice cream is 
quickly reduced to a soft mass and is drawn from 
the chamber, through a gate in the side wall. 
The revolving disc is driven by a motor located 
below the cylinder. R. Whitaker 


425. Ice cream agitator or the like. M. C. 
LuTeErick (assignor to Arden Farms Co.). U.S. 
Patent 2,600,010. 2 claims. June 10, 1952. 
Official Gaz. U. S. Pat. Office, 659, 2: 488. 1952. 

Similar to Abst. #424, except 1 tine is located 
close to the cylinder, thus facilitating complete 
removal of the softened product through the gate. 

R. Whitaker 


426. Ice cream freezer. G. Murriy. U. S. 
Patent 2,596,274. 5 claims. May 13, 1952. 
Official Gaz. U. S. Pat. Office, 658, 2: 418. 1952. 
An ice cream freezer consisting of a horizontal 
refrigerated drum and a scraper blade is de- 
scribed. R. Whitaker 


427. System for concentrating liquids. C. S. 
Brown (assignor to Glascote Products, Inc.). 
U. S. Patent 2,598,345. 2 claims. May 27, 
1952. Official Gaz. U. S. Pat. Office, 658, 4: 
1126. 1952. 
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A method of operating a vacuum pan contin- 
uously and automatically by means of suitable 
controls on the milk inlet and outlet lines and 
vacuum supply is described. R. Whitaker 


FEEDS AND FEEDING 
W. A. KING, SECTION EDITOR 


428. Brewers’ grains as a preservative for early- 
cut hay-crop silage. G. W. TrimBerceR and J. 
M. Berrmeister. Holstein-Friesian World, 49, 
13: 1434-1436. July 5, 1952. 

Tables show (a) the average percentage com- 
position of early- and late-cut grass, mixed grass 
and legume silages and brewers’ dried grains in 
dry matter, digestible protein, total digestible 
nutrients and crude fiber, (b) the same rated in 
Ib./ton, (c) feed constituents/ton of the early- 
cut silages mentioned with brewers’ dried grains 
added at 5, 10 and 15% levels, (d) percentage 
composition of the 3 kinds of early-cut silages 
with the 3 levels of added brewers’ dried grains, 
(e) amounts of brewers’ dried grains required for 
silos of various capacities and (f) quantity of 
brewers’ dried grains which a cow would receive 
when fed various amounts of silage with the grain 
as a preservative at the 5, 10 and 15% levels. 

A. R. Porter 


429. Undersokelser over foringas virkning pa 
oksydasjonsfeil i mjolk (Experiments to deter- 
mine the influence of feed upon the development 
of oxidized flavor in milk). H. Hvinsten, J. 
Meutvum and H. Simonsen. Meieriposten, 41, 
9: 145-151; 11: 186-189. 1952. 

The effects of adding cod liver oil and herring 
meal to the feed of dairy cows were studied in 2 
experiments. The purpose was to determine if 
cod liver oil and herring meal influenced the re- 
sistance in milk to the development of oxidized 
flavor. The effects of the following treatments 
were studied: (a) Control: 4.1 kg. hay, 18 kg. 
lye-treated straw, 20 kg. roots and 1.3 kg. con- 
centrates. (b) As the control+0.3 g. cod liver 
oil/kg. live weight. (c) Protein concentrates in 
a replaced by herring meal of good quality and 
high in fat (10%). 

Addition of cod-liver oil to feed for cows 
produced milk with higher iodine-number and 
vitamin A content in the fat, but lower content 
of tocopherol and a decreased resistance to de- 
velopment of oxidized flavor. Herring meal had 
no significant effect on the development of oxi- 
dized flavor. No relationship could be detected 
between the individual variations in the tocophe- 
rol content and the resistance of the milk to de- 
velopment of oxidized flavor. G. H. Wilster 


430. Method of making a thyroprotein feed. C. 
W. Turner and E. P. RemNeke (assignors to 
American Dairies, Inc. and The Quaker Oats 
Co.). U. S. Patent 2,591,107. 1 claim. April 
1, 1952. Official Gaz. U. S. Pat. Office, 657, 1: 
159. 1952 

An animal feed is described containing a dried 
iodinated protein such as casein. R. Whitaker 
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GENETICS AND BREEDING 
N. L. VAN DEMARK, SECTION EDITOR 


431. The effect of sulphanilamide on the fer- 
tility of bull semen. A. F. Hott, Dartington Hall 
Cattle Breeding Centre, Fornes, S. Devon. Vet. 
Record, 64, 7: 93-94. Feb., 1952. 

Results of an extensive split-sample field trial 
using semen diluted with egg yolk-citrate buffer 
with and without sulfanilamide added are pre- 
sented. The over-all conception rate and the 
conception rate of individual bulls showed no 
significant difference when sulfanilamide was 
added. No differences in dilutors were noted be- 
tween the presumed conception rate at 3 wk. and 
those at 3 mo., which indicates that the addition 
of sulfanilamide had no influence on the inci- 
dence of early fetal death. R. P. Niedermeier 


432. Antibiotic treatment of diluted bull semen 
used in artificial insemination. H. L. Easter- 
BROOKS, Storrs (Conn.) Agr. Expt. Sta. Fertility 
and Sterility, 2, 5: 430-443. 1951. 

Fifty-five publications are reviewed. Three 
original experiments are reported in which di- 
hydrostreptomycin sulfate was compared with 
other antibiotics in split samples of bull semen 
diluted in egg yolk-citrate-sulfanilamide as to 
their fertility improving ability. Results reported 
on 60- to 90-day % non-returns to Ist artificial 
service, were as follows: (a) 500 y streptomycin/ 
ml. gave fertility increases of 4.0% higher than 
did 50 y aureomycin. (b) 500 y streptomycin/ 
ml. gave fertility increases of 3.1% higher than 
did 500 y of chloromycetin. (c) 500 y strepto- 
mycin/ml, gave fertility increases of 0.1% higher 
than did 20 y terramycin. H. L. Easterbrooks 


433. Effect of antibiotics in diluted bull semen 
on Vibrio fetus. W. N. PLastrince and H. L. 
EASTERBROOKS, Storrs (Conn.) Agr. Expt. Sta. 
Am. J. Vet. Research, 13, 47: 145-148. Apr., 
1952. 

The influence of several antibiotics mixed with 
yolk-citrate diluted semen upon the growth or 
survival of added strains of Vibrio fetus is re- 
ported. Bacitracin, gramicidin and tyrothricin 
had no noticeable inhibitory effect upon V. fetus, 
even at 16,000 units/ml. Polymixin, penicillin, 
aureomycin and terramycin produced some 
growth inhibition at high levels and became pro- 
gressively more effective from 1 hr.—4 d. of stor- 
age at 5° C. Streptomycin inhibited growth 
completely at a 500 y/ml. concentration when 
inoculations were taken from the culture tubes. 
Centrifuging the tubes to secure V. fetus organ- 
isms free of streptomycin showed that between 
1,500 and 2,000 y/ml. were required to kill the 
cells at 5° C., but 500 y/ml. were effective at 
37° C. Streptomycin retained its bactericidal 
action against V. fetus more than 3 d., but peni- 
cillin and aureomycin were not completely effec- 
tive for 1 d. at 37° C. The minimum concen- 
tration of streptomycin needed to inhibit growth 
at 37° C. was 1 y/ml. These results show the 
feasibility of killing V. fetus in stored bull semen 
with 500 y/ml. streptomycin and the possibility 
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of continued activity of the streptomycin in the 
cow following insemination. E. S. Swanson 


434. The transmission of Trichomonas foetus 
during the collection of semen from infected 
bulls. L. P. Joyner and P. G. Mittar, Ministry 
of Agr. and Fisheries, Vet. Lab., Weybridge. 
Vet. Record, 64, 1: 1-4. Jan.,1952. 

One naturally and 3 artificially infected bulls 
were used to observe T. foetus infection. Tri- 
chomonads were found in the semen, and re- 
mained alive up to 5 d. in stored semen. Tri- 
chomonads remained alive for 5 hr. on the walls 
of the artificial vagina. Bulls were artificially 
infected by using an infected vagina. Cultural 
methods are more reliable than microscopic ex- 
amination of prepubital washings for detecting 
trichomonas infection in bulls. 


R. P. Niedermeier 


435. The suppression of oestrus in dairy cattle 
after mating. D. L. Stewart, Ministry of Agr. 
and Fisheries, Reading Cattle Breeding Centre, 
Reading. Vet. Record, 64, 21: 303-308. May, 
1952. 

Breeding record studies based on non-return 
information comparing the breeding efficiency of 
dairy cattle served by natural mating and arti- 
ficial insemination show that the percentage actu- 
ally pregnant is 25% less than the 28-d. non- 
return figure. This condition was found both 
after natural mating and artificial insemination, 
and at about the same incidence. Comparisons 
are shown between the 28-56 and 112-d. non- 
return figures and pregnancy. The results of 
limited clinical observations in non-pregnant ani- 
mals not returning in 28 d. showed corpus luteum 
persistans present in 55.5% of the cases, and 
suboestrus in 28.2%. A very low incidence of 
anoestrus was found. R. P. Niedermeier 


436. The influence of nutrition on reproductive 
efficiency in cattle. IV. The effect of the 
phosphorus intake on ovarian activity and fer- 
tility of heifers. S. L. Hicnerr and P. G. Hic- 
NETT, Wellcome Vet. Research Sta., Frant, Sus- 
sex. Vet. Record, 64, 14: 203-206. Pr., 1952. 
Twenty-three heifers were used in this study. 
Eight different P,O, intake levels ranging from 
17-163 g. daily were fed, and other feed con- 
stituents were kept constant. In the low-P 
groups it was difficult to determine estrus, even 
with the use of a vasectomized bull. The mini- 
mum daily P,O, intake for satisfactory fertility 
appears to be 50 g. on the basis of results of this 
experiment. R. P. Niedermeier 


437. Heritability of intensity of red color in 
Hereford cattle. M. Kocer and J. D. Manxin, 
New Mexico Agr. Expt. Sta., State College. J. 
Heredity, 43, 1: 15-17. 1952. 

Intensity of color of 437 weanling calves and 
their parents was evaluated visually against a 
graded series of 8 shades of red judged to divide 
the observed range into equal classes. No differ- 
ences between color intensity of steer and heifer 
calves were found. No recorded differences were 
given between uncastrated males and either steers 


ABSTRACTS OF LITERATURE 


or heifers. Calves consistently scored about 0.5 
grade higher (darker) than cows. Mature cattle 
tended to be darker during years when feed was 
adequate than during years of feed scarcity. 
Heritability estimates of 73.1 and 74.7%, re- 
spectively, were obtained by intra-sire regression 
of offspring on dam and regression of offspring on 
mid-parental average. The offspring from the 
different mating types possible under the condi- 
tions of the experiment gave results from which it 
was concluded that approximately 3 pairs of 
major genes with additive effects were involved. 
L. O. Gilmore 


ICE CREAM 
C. D. DAHLE, SECTION EDITOR 


438. Switching to continuous? R. K. Law- 
HORN, Abbotts’ Dairies, Inc., Philadelphia. Food 
Eng., 24, 5: 74, 75, 155, 157. May, 1952. 

In the manufacture of ice cream, Abbotts’ 
Dairies has introduced a continuous process. 
Some ingredients, previously obtained in cans 
and bags, are now handled in bulk lots. The 
measuring of the bulk condensed milk, liquid 
sugar and fluid milk or water is achieved by 
metering devices and automatic flow regulators. 
Frozen cream is added in a flaked condition into 
a stream of warm mix-making ingredients. The 
mix is pasteurized in a Sta-Vac heater. The 
present system has a capacity of 2,000 gal., of 
mix/hr. By converting to an H.T.S.T. method, 
it is expected that capacity will reach 3,000 
gal. /hr. T. J. Claydon 


439. Ice cream manufacturing device and proc- 
ess. E. M. Irwin (assignor to Basic Processes, 
Inc.). U.S. Patent 2,594,442. 5 claims. April 
29, 1952. Official Gaz. U. S. Pat. Office, 657, 
5: 1369. 1952. 

Ice cream mix is mixed with a nontoxic com- 
pressed refrigerant, such as CO,, and is sprayed 
into a chamber which is under reduced pressure. 
The product, frozen into an aerated solid, then 
is compressed in a tapered closed screw-type con- 
veyor and extruded continuously as ice cream of 
definite overrun. R. Whitaker 


440. Portable ice cream freezer. F. Se BAasTIAN 
(assignor to Chicago Electric Manufacturing 
Co.). U.S. Patent 2,599,021. 9 claims. June 
3, 1952. Official Gaz. U. S. Pat. Office, 659, 1: 
158. 1952. 
Details are given for the design of a motor- 
driven vertical ice cream freezer for home use. 
R. Whitaker 


441. Flavor for ice cream. Anonymous. Ice 
Cream Trade J., 48, 6: 68, 70, 101. June, 1952. 

The scientific research committee of Flavoring 
Extract Manufacturers Association of the U. S. 
during the past years has studied how sugar might 
affect the optimum level of addition of vanilla in 
ice cream. Four samples of ice cream designated 
as low sugar (11%), low vanilla (4 0z.); low 
sugar, high vanilla (8 oz.); high sugar (17%), 
low vanilla; and high sugar, high vanilla were 
submitted to 271 testers and their opinions ranked, 
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There was a decided preference for the high 
sugar ice cream regardless of the level of vanilla. 
W. H. Martin 


442. A new product in the family of citrus 
flavors. Anonymous. Ice Cream Trade J., 48, 
5: 48. May, 1952. 

Fifty lb. of tangarine puree is added to 95 gal. 
of sherbet base. Citric acid and color are added. 
Tests have been made to determine how to proc- 
ess the tangarines. Puree made from January 
to July did not have any bitter flavor and the 
flavor intensity increased each month. The best 
puree was made from fruit which was processed 
within a few hours after the fruit was removed 
from the tree. The pulp was put through sieves 
of 0.02-, 0.027-, 0.042- and 0.062-in. sizes. The 
0.02 and 0.027 sieves were found to produce puree 
which made excellent ice, sherbets and ice cream, 
but the yield was low and the process slow. The 
0.042-in. screen was satisfactory, produced fast 
and the yield good, although the pulp was notice- 
able in smooth ice cream. W. H. Martin 


443. Stabilized fruit for ice cream. W. S. 
ARBUCKLE, Univ. of Maryland, College Park. 
Ice Cream Trade J., 48, 5: 34-36, 86. May, 
1952. 

Fruit stabilization has been recommended as a 
method of overcoming some of the common de- 
fects encountered in fruit ice cream. A 3: 1 pack 
is the most desirable combination for strawberries. 
The addition of a stabilizer thickens the juice and 
assists in sealing the juice into the fruit. The 
amount of stabilizer used varies from 0.06-0.4%. 
Results of experiments with fruit stabilizers 
showed that more fruit juice was retained by the 
berry, the fruit had a more desirable appearance 
in the ice cream, there was less bleeding of the 
fruit and better berry distributions resulted. 
Over-stabilization of the berries may result in 
over-stabilized ice cream. C. M. C., pectin and 
algin derivatives produced desirable stabilization. 


W. H. Martin 


444. Sealtest announces a luxury pint. Anony- 
mous. Ice Cream Trade J., 48, 6: 40,90. June, 
1952. 

A premium brand of ice cream, higher in fat 
and lower in overrun than the regular brands is 
to be marketed as Sealtest Prestige Ice Cream. 
The pt. container is colored a deep blue-violet 
and is a Nestrite type with snap-on lid. 

W. H. Martin 


445. Control of overrun. C. W. ENGLAND, 
Highs Dairy Prod. Co., Washington, D. C. Ice 
Cream Rev., 35, 11: 40, 41, 94, 95. June, 1952. 
A simple, inexpensive yet effective procedure 
for overrun control of ice cream which is par- 
ticularly applicable to milk plants using batch 
freezers is presented. The problems of preparing 
overrun charts is illustrated, as are other prob- 
lems related to the control of overrun in ice 
cream. W. J. Caulfield 


446. Method of packaging and serving frozen 
confections. H. R. C. G. and 
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A. S. Kenzie (assignors to Redi Products Corp.). 
U. S. Patent 2,598,137. 1 claim. May 27, 1952. 
Official Gaz. U. S. Pat. Office, 658, 4: 1070. 
1952. 

Ice cream is frozen in a freezer to stiff con- 
sistency and extruded into individual portions, 
which are dropped into preformed packages. 
The pieces are hardened by passage through a 
chilled tunnel. One wall of the package is made 
flexible to facilitate removal at time of consump- 
tion. R. Whitaker 


447. Ice cream parfait pie promotion. Anony- 
mous. Ice Cream Trade J., 48, 5: 24, 26. 
May, 1952. 

The “ice cream parfait pie” is a combination of 
fruit-flavored gelatin, ice cream and fresh fruit 
to make a perfect filling for a flaky, tender pie 
crust. The fruit-flavored gelatin is dissolved in 
hot liquid and a pint of ice cream is added and 
stirred until melted. After chilling slightly, fruit 
or other flavoring is folded in and the mixture 
turned into a flaky pie shell to set. This recipe 
was created by the Ann Pillsbury Home Service 
Center Staff and is being used in the June Ice 
Cream Festival in key cities through the country. 

W. H. Martin 


448. Vending is Pony Boy’s success story. M. 
Warnes, Pony Boy Ice Cream Co., Lancaster, 
Pa. Ice Cream Rev., 35, 11: 42, 43, 89-92. 
June, 1952. 

The author, who operates a successful ice 
cream vending machine business, indicates that 
success in this field of endeavor can be achieved 
when the 5 following basic requirements are ful- 
filled: (a) Purchase the best and most nearly 
trouble-free vending equipment available. (b) 
Secure proper and profitable locations for the 
vending machines. Such locations can only be 
determined by a careful survey of conditions and 
by checking with a pilot machine, which can be 
moved from place to place to determine its po- 
tential drawing power. (c) Sell only quality 
merchandise with a sufficient variety or rotation 
of items so that people may have a choice. 
(d) Maintain a delivery system with clean, re- 
frigerated trucks and well trained, uniformed 
drivers. (e) Provide a 24-hr.-a-day service de- 
partment for the proper maintenance of all me- 
chanical parts including refrigeration. The 
author predicts that within the next few years 
15% of all ice cream novelties will be sold 
through vending machines. W. J. Caulfield 


449. How to build ice cream sales in the food 
store. Anonymous. Ice Cream Trade J., 48, 5: 
56-58, 95. May, 1952. 

National Dairy Products Corp. has issued a 
20-page booklet entitled, “Fundamentals _ of 
Merchandising Ice Cream in Food Stores.” The 
booklet states that ice cream sales in the average 
store today will rank in volume with jams, jellies, 
frozen vegetables, baby foods, shortening, salad 
dressings, paper goods, tea and spices and flavor- 
ing, accounting for about 2% or more of sales. 
Since 1948, sales of ice cream in food stores have 
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increased 30% or more. Grocery stores are sell- 
ing about 75% of the packaged ice cream sold 
in the U. S. 

Twelve major factors that influence ice cream 
volume sold in food stores are discussed. 

Store managers should keep accurate record of 
sales, invite customer comment and get new 
merchandising ideas from the company salesman. 

W. H. Martin 


450. Retail prices. Anonymous. Ice Cream 
Trade J., 48, 6: 20-22, 102. June, 1952. 

The price of ice cream/pt. at retail was found 
to vary between 17 and 50¢, with an average 
price of 31.4¢, according to a nation-wide survey. 
Hand-dipped and French types were excluded in 
making the survey. The highest average prices 
were quoted in Washington, D. C., New York, 
Boston, Fall River and Seattle, and the lowest 
averages were in Minneapolis, Houston, Los 
Angeles, Dallas and St. Paul. W. H. Martin 


451. How ‘General’ is building bulk sales. V. 
F. Hovey, Sr., General Ice Cream Corp., Sche- 
nectady, N. Y. Ice Cream Trade J., 48, 6: 26, 
28. June, 1952. 

A survey of large ice cream accounts to deter- 
mine the reasons for their success indicated that 
3 factors common to all these stores were large 
portions, mellow ice cream and a variety of 
flavors. The stores selling the most sodas were 
serving a big gob of ice cream on top of a bell- 
shaped 12-0z. glass, using 1.5 oz. of good syrup, 
1 oz. of 20% cream, fine and coarse streams of 
carbonated water and 4 oz. of ice cream in a 
conical scoop hooked on the side of the glass. A 
triple scoop sundae in a paper dish can be made 
by using 3 no. 24 scoops of ice cream, 2 oz. of 
topping, whipped cream and a cherry. Milk 
shake sales were stepped up by using 2 no. 24 
scoops of ice cream, 4 oz. of milk and 1.5 oz. of 
syrup. A loaded no. 20 scoop of ice cream was 
used for a 10¢ cone and a loaded no. 12 scoop 
for the 15¢ cone. Fresh-dipped pt. and qt. were 
packed in pails, leaving the flaps open. A scale 
is used to insure the dealer a profit and the 
customer a fair portion of 14 oz./pt. 

The success of the store is dependent on a 
satisfactory profit. The gross should be 42-45%. 
Store operators were urged to have good help, 
pay good wages, use quality toppings and to give 
the ice cream department more personal super- 
vision. W. H. Martin 


452. Frozen and semi-frozen low-fat dairy prod- 
ucts. J. J. SHeuRING. Univ. of Georgia, Athens. 
Am. Dairy Prod., Rev., 14,5: 24-31. May, 1952. 

“Soft ice cream” has increased considerably in 
sales volume during the last 5 yr. It is rela- 
tively low in fat content and high in total solids 
with characteristics that appeal to the consumer. 
Some of the problems of the industry arise from 
the special type freezers used and the need for 
a mix suited to the freezer involved. Purchase 
and handling of the mix by retailers needs special 
attention. Quality and type of product must be 
closely watched. Numerous legal restrictions 
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have been placed upon the manufacture of the 
product. Expansion of the industry should be 
carefully planned to keep it in line with quality 
requirements and consumer demand. Ice milk 
and milk shake bases also are discussed by the 
author. (The tables referred to evidently have 
been omitted in printing. ) T. J. Claydon 


453. Chicago ice cream industry markets vege- 
table fat frozen desserts in revolutionary develop- 
ment. Anonymous. Ice Cream Trade J., 48, 6: 
24-25, 88. June, 1952. 

A vegetable fat frozen dessert priced at 19¢/pt. 
retail appeared on the Chicago market during the 
last week of May. It was sold under such trade 
names as “Del-frost”, “Charlotte Freeze”, etc. 
The products are said to contain 6-10% fat. 
Ingredients listed are water, sucrose, condensed 
skimmilk, coconut oil, corn syrup, stabilizer and 
emulsifiers, salt, natural and artificial flavoring 
and certified color. Tentative regulations require 
that the product be sold in package only in units 
not larger than 0.5 gal. W. H. Martin 


MILK AND CREAM 
P. H. TRACY, SECTION EDITOR 


454. Le probleme zootechnique de la production 
laitiere (The animal husbandry problem of milk 
production). G. THievun. Lait, 32: 145-156. 
Mar.—Apr., 1952. 

This is the 2nd and final part of a report on 
the problem of milk production and consumption 
throughout the world. S. Patton 


455. Pour la pasteurisation obligatoire du lait de 
consommation (Toward compulsory pasteuriza- 
tion of market milk). J. Pren. Lait, 32: 157- 
168. Mar.—Apr., 1952. 

This is a 2nd article in a series which defends 
the advisability of compulsory pasteurization of 
milk. S. Patton 


456. Paper container. W. A. Eaton and R. S. 
SANForD (assignors of 2 to Ex-Cell-O Corp. and 
VY to Ace C. Fessenden and Ace Carton Corp.). 
U. S. Patent 2,596,224. 19 claims. May 13, 
1952. Official Gaz. U. S. Pat. Office, 658, 2: 
405. 1952. 

Details are given for the construction of the 
bottom of a paper container for milk and other 
liquids. R. Whitaker 


457. Container. W. A. Eaton (assignor of 1 
to Ex-Cell-O Corp. and 2 to Ace C. Fessenden 
and Ace Carton Corp.). U.S. Patent 2,596,225. 
29 claims. May 13, 1952. Official Gaz. U. S. 
Pat. Office, 658, 2: 405. 1952. 

A design and method of assembling a paper 
container for milk and other liquids is presented. 


R. Whitaker 


458. Packaged dairy products and process 
thereof. M. R. Coe (assignor to Rile-Coe Filter 
Process, Inc.). U. S. Patent 2,598,506. 12 
claims. May 27, 1952. Official Gaz. U. S. 
Pat. Office, 658, 4: 1170. 1952. 

Dairy products susceptible to the formation of 
an off flavor due to exposure to light, are pro- 
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tected by packaging in containers which exclude 
light of all wave lengths except those between 
approximately 4,900 and 6,300 and those above 
6,700 A. R. Whitaker 


459. Pouring device. F. D. SHERwoop. U. S. 
Patent 2,598,843. 2 claims. June 3, 1952. Of- 
ficial Gaz. U. S. Pat. Office, 659, 1: 109. 1952. 

A device is described for inserting in the side 
of paper milk bottles and other containers, to 
provide an easy means of pouring. It consists 
of a sharpened tube, a flange and gasket for 
positioning the tube against the side of the con- 
tainer and making it liquid proof, and a handle 
which may be rotated to open and close the tube. 

R. Whitaker 


460. Method of processing and canning whole 
sweet milk. L.T. Wincer. U. S. Patent 2,596,- 
753. 9 claims. May 13, 1952. Official Gaz. 
U. S. Pat. Office, 658, 2: 549. ‘1952. 

Milk is treated with 0.1-0.2% by weight of 
edible grade H,O,, then all residual peroxide is 
removed with 0.1-0.5 g. powdered catalase 
enzyme/1,000 lb. of milk and the milk homogen- 
ized and given a heat treatment to effect sterility. 

R. Whitaker 


461. Milk boiler with safety lid. N. J. Caserta. 
U. S. Patent 2,594,868. 2 claims. April 29, 
1952. Official Gaz. U. S. Pat. Office, 657, 5: 
1486. 1952. 
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This apparatus is designed to permit the boiling 
of milk to improve its sanitary and nutritional 
value. It is designed so that, even with violent 
boiling, the vessel does not overflow. Jets of 
the boiling milk vapor are condensed and re- 
turned to the boiling product. |§R. Whitaker 


MILK SECRETION 


V. R. SMITH, SECTION EDITOR 


462. Conversion of glucose to galactose in the 
mammary gland. J. M. Barry. Nature, 169, 
4308: 878. 1952. 


By means of 1-!4C glucose containing 11.3 wC 
of carbon-14, injected into the blood stream of 
goats, it was shown that the glucose and galactose 
obtained from lactose in the milk after 2.5 and 
4.5 hr. after injection, came, at least partly, from 
glucose absorbed from the blood. Apparently, 
glucose does not form 2 identical 3-carbon inter- 
mediates which reunite to form galactose, but 
rather 2 different 3-carbon compounds probably 
form galactose from the absorbed glucose. 


R. Whitaker 


463. Biological synthesis of lactose from carbon- 
14 glucose. T. H. Frencu and G. Popyax. 
Nature, 169, 4289: 71. 1952. 

It is postulated from experiments on rabbits, 
using C-14 starch, that glucose is the precursor of 
lactose, R. Whitaker 
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for your laboratory 
«GET IT FROM CHERRY-BURRELL! 


Complete stocks of glassware for all standard 
types of milk, cream and other dairy laboratory 
tests and analyses are maintained by Cherry- 
Burrell Branches and Associate Distributors. 
Special glassware is quickly available. For 
prompt information and service, call or write our 
nearest office. 


CHERRY-BURRELL CoRPORATION 
- 427 W. Randolph Street, Chicago 6, Ill. 


ay A. and Supplies for Industrial and Food Processing 


WAREHOUSES, BRANCHES, ICES 
OR DISTRIBUTORS AT YOUR SERVICE in 56 Se CITIES 


Your advertisement is being read in every State and in 45 Foreign Countries 


. 
— 
— 
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SterBac 


WILL DO 
THE JOB 


Ster-Bac is a quater- 
nary ammonium com- 
pound specially de- 
veloped by careful 
Klenzade research 
for the bactericidal 
treatment of food 
handling equipment. 
It is odorless, yet 
powerful. Pene- 
trates into finest 
cracks and crevices 
and is very eco- 


SterBac.. 


KLENZADE S 
Revolutionary 
BACTERICIDE 


Use it to sanitize milk | Se and other. *. 
dairy equipment, soda’ fountains and) 
steam tables, walls, floors, and’ toilets: 
Excellent for cold storage rooms, Sanitizes: 
dishes, glassware and silver Sdnitizes. 
hands of food handlers. Py 


KLENZADE 


KLENZADE PRODUCTS 


coer ORATED 
BELOIT, WISCONSIN 
CHEMICAL CLEANING SPECIALISTS SERVING THE 


DAIRY INDUSTRY WITH CONVENIENTLY LOCATED ~ 
WAREHOUSES DIST! 
AN PRINCIPAL CITIES THROUGHOUT THE NATION 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marschall Rennet 
generously for maximum results. 
MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS 

Cloth Bound ........... $2.35 
Paper Bound ........... 2.00 

NON-MEMBERS 

Cloth Bound ........ ... $5.50 
Paper Bound ........... 5.00 
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RECOMMEND ELECTRIC DEHORNING... 


The FAST, SAFE and SURE Method 


STEWART 


AUTOMATIC HEAT CONTROL 
CALF DEHORNER 


@ Automatic Control 
For Steady Heat 


@ Fast—Easy to Use 


@ No Loss of Blood—No 
Open Flesh Wound 


Becomes heavy-duty 
Soldering lron when 
Soldering Tip is 
attached 


Electric dehorning while calves are 
small is the simplest, most humane way 
to dehorn. There is no loss of blood, 
severe shock or other ill after effects. No 
open flesh wounds. The new Sunbeam 
Stewart Calf Dehorner has automatic 
heat control for steady, high heat that 
kills all the horn cells. Only a few 
minutes required for the entire job. 
Dehorner supplied complete with heavy 
duty soldering tip. Recommend electric ; 
dehorning to eliminate loss of meatand _Eigctric dehorning is safe, fast and efficient — 
milk due to damage caused by horns. can be done any time of the year. 


Write for information about Sunbeam Stewart animal clipping equipment 


CORPORATION (formeriy chicago Flexible Shaft Company) 
Dept. 141, 5600 Roosevelt Road, Chicago 50, Ill. 
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The last time milk is han- 
died in the A. D. Lueders’ 
milk house, Waterford, Va., 
is when it is poured into a 
400 gallon Mojonnier Bulk 
Cooler, as shown in photo- 
graph. The milk is soon 
cooled toa safe 38°F. Pickup 
is made daily by bulk tanker. 


eThere is a Mojonnier Bulk 
Cooler for every milk house 
requirement. Made in 10 
sizes starting at 60 gallons. 
Write for copy of Bulletin 


Visit us at BOOTH C-106. DAIRY SHOW—CHICAGO, Sept. 22-27 4601 W. OHIO ST., CHICAGO 44, ILL. 


1 1 
““WANSEN'S 


PREPARATIONS Leading egricalteral 


schools and colleges 
agree that the regular 
weekly use of FLAV- 
O-LAC FLAKES as- 
sures uniformity of 


"CHEESE RENNET AND smoothness, aroma and 


flavor in fermented 
ANNATTO BUTTER COLOR ss [YOGHURT CULTURE| 
DANDELION BUTTER COLOR : 
CERTIFIED BUTTER COLOR ee (shown) produce a quart of the finest 
STARTER DISTILLATE single propagation. Single 
ottles -00. 
LA ICECREAM COLON SPECIAL FLAV-O-LAC FLAKES ‘*40”’ 
CTIC FERMENT CULYURE ie produce 40 quarts of starter on a single prop- ! 
. agation. Single bottles $3.75. Plus postage. 
DORLESS TYPE DAIRY FLY SPRAY Free Cultural Manual of Fermented Milk 
Products on request. 
THE 


DAIRY LABORATORIES 


CHR. HANSEN'S LABORATORY, INC. 


New York Baltimore Washington 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 

epg of original research voluntarily submitted by members of the Association to the 

OURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in t or that are intended for simultaneous publica- 
tion elsewhere will not be 

Manuscripts.—Manuscripts should be submitted in double g on one side of suitable 
83” x11” paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous from the editor is obtained. When non-review pages, a 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. In order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on — 
cloth (or white board) not larger than standard letter size (84”x11”). All lettering shoul 
be inked in block style and be of such size that the lettering will be not less than ¢ in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable, Original drawings should be submitted, rather than photographs 
of such drawings. en suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on a sheet —— from 
a material and should be made as concise as possible while retaining descrip- 

ve acter. 

Tabular Material—Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the y of the manuscript. The letters a, b, c, ete., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. 

Beferences.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chron- 
ological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) Jonzs, L. W., anp Smiru, J.D. Effect of Feed on Body 
of Butter. J. Damy Sot., 24: 550-560. 1941. 

Sample of book citation: (1) LanpsTzmer, K. The Specificity of Serological Reactions. 
Rey. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) Couures, 8. T., 
AND JennEss, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(s) ; ce., cubic centi- 
meter(s); g., gram(s); mg., milligram(s); y, microgram(s); ml., milliliter(s); mp, millimi- 
cron(s); C., Centrigrade; F., Fahrenheit; lb., pound(s) ; 0z., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 


In preparing manuscripts, use of first person should be avoided. 


Your advertisement is being read in every State and in 45 Foreign Countries 


| 


Isolation and Cultivation 
of BRUCELLA 


PRELIMINARY ENRICHMENT 
Isolation of Brucella strains from blood specimens is best 
accomplished by preliminary enrichment of the sample in 
medium prepared from Bacto-Tryptose Broth. For isola- 
tion from samples of infected milk no enrichment is 
required. 


ISOLATION OF STRAINS 
After enrichment the blood specimens are streaked on 
plates of Bacto-Tryptose Agar and the plates are incu- 
bated at 37° C. Milk samples are streaked on plates of 
Bacto-Tryptose Agar prepared with crystal violet to in- 
hibit the streptococci and other Gram-positive organisms. 


DIFFERENTIATION OF TYPES 
Bacto-Tryptose Agar to which thionin or basic fuchsin 
has been added is recommended for the differentiation 
of newly isolated strains of Brucella. 


Mass CULTIVATION 
Bacto-Tryptose Agar, prepared without addition of dyes 
or other ingredients, supports luxuriant growth of all 
Brucella. It is an excellent medium for mass cultivation 
of the organisms for preparation of bacterial vaccines or 
antigens. 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 


Dirco LABORATORIES 


DETROIT 1, MICHIGAN 
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